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EUROPEAN PATENT NO. 1,022,642 
STATEMENT OF GROITNDS OF OPPOSITION 



I . FRiMi FA CIE Dl VISIONAL STATUS 

l.l. The Patent has been granted pursuant to an application, no. 00 J 08822.8 C''^^ 
Application"), divided from an earlier applicarion, do. 99118308.8 C*The Parent 
Application*^, itself a division of a still caiJicf application, no, PCT/US91/02590 TThe 
Grandparent Application"). This is not permitted. As discussed in decision T904/97, the 
European Patent Convention does not explicitly foresee the possibilliy of an application 
being divided from an earlier divisional ttpplxcauon. The Travaux Prepeiratoires, cxi the 
Other hand, contain a reference to sequences of divisional applications that evidences an 
intention not to pennit the filing of sequences of divisional applications. According to the 
minutes of its \2th meeting held from 26 Febniary to 6 March 1964 in Brussels* die EEC 
Patents Worldng Party rejected a proposal relating to "a system of divisions in a cascade, 
which could have constituted a dilatory manoeuvre." In the wofioDg party's opinion, this 
was ruled out by tlie division system provided for in Article 80 of the Preliminary Draft 
Convention (see the document 2632/fV/64-F, 15 April. 1964, page 3 1). The Apj)licatbn 
was never a divisional application at all. It was a regular application having a filing dace 
of April 26, 2000 and no valid priori^ claim. 

2. ADDED SUBJECT-MATTER ART. 76(1) EPC 

2.U The following discussion assumes that the Patent has been granted pursuant to a 
proceduraUy valid divisional filing. According to Art. 76(1), it was not permissible to 
include subjea-maner in the Parent Application that was not included in the Grandparent 
Application. Likewise, it was not permissible to include subject-matter in the Application 
that was not included in Ihc Parent Application. Therefore, it was not permissible to 
include subject-roaner in the Application that was not included in the Grandparent 
Application. Por preset purposes, it is unnecessary to determine whether matter was 
added when the Parevt Applicacion was filed or when the Application wis filed or later 
and it is instnictivc to look at die overall picture by comparing the Patent with the 
Grandparent Application. 

2.2. The Patent discloses subject-matter not disclosed in the Grandpaient AppKcaclon as 

originally filed on two counts^ namely impermissible claim broadening and impemiissible / 
intermediate claim generalisations 

23, Impcnnbsible Claim Broadening 

2.3. K. The Grandparent Applicadon contained 7 objectives of the inveution and 21 
independent claims. Tlie intexrelationships between the objectives and claims need 
not be explored here in full. For present purposes, it is clear that granted claim I is 
based ixpon PCTT claim 103, this being die broadest claim to moditlable access times. 

2.3.2. One objective of the invendon as set out in the Grandpaiient Application survived in 
die Patent, albeit in modified form. It was this. 

2.3.2. L. "One object of the present invention is to use a new bus interface built into 
semiconductor devices to support high-speed access to large blocks of data trom 
a single memory device by an external user of the data, such a3 a 
microprocessor, In an ctHcient and cosc-offectiva raanaer'* [Grandparent 
Application, 6:8-12). Tliis will be referred to as "objective 1." 

2.3.3. The Grandparent Application inctndcd a ftnther objective which, as discussed below, 
is of relevance. 
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2.3.3.1. ^'Another bjcct of this invention is to provide devices, especially DRAMs, 
suitable for use with the bus architecture of die invcjition." [Grandparent 
Application 7:5-7]. This will be referred to as ''objective 2." 

2.3.4. Objective \ was flot achieved bv PCT claim 103. 

2.3.4.1. There are few references in the Grandparent Applicaticn to The advantages of 
modifiable access times. One reference however reads as follows. 

* 

2.3.4.2. "A request packet and the corresponding bus access arc separated by a selected 
number of bus cycles^ allowing the bus to be used in the intervening bus cycles 
by the same or other ma&ters for additional requests or brief bus accesses. Thus 
multiple, independent accesses are permitted, allowing maximum utilisation of 
the bus for transfer of short blocks of data. Transfers of long blocks of data use 
the bus efQciently even without oveilap because the oveibead due to bus 
address, control and access times is small compared to the total time to request 
and transfer the block" [Grandparent Application, 15:23-16:7]. 

2.3.4 J. This passage is a very clear statement of the advantages of modifiable access 
times. In the transfer of short blocks of data, modifiable access times allow for 
Interleaving of requests and thus greater efficiency. In the transfer of kfrig blocks 
of data, the need to transfer access dme infornution on the bus is an pvcrhcac^ . It 
reduces eCficieucy. There is no possibility of interleaving loog block requests. 
Tlie prefeired embodiments described in Ae Grandparent Application do not 
allow it. However, this overhead is an acceptable efficiency reduction because, 
ccmipared with the overall length of the transaction, the overhead is small. 

2.3.4.4. Objective 1 concerns "high-speed access to laree blocks of data ... in an eflficient 
and cost-effective manner/* Modifiable access times contribute nothing to the 
achievement of that objective; as acknowledged in d)e Grandparem Application 
itself, they detract from it. PCT claim 103 does not achieve this objective, 

2.3.4.5. Objective 1 was really achieved by the measures described in **ORAM Column 
Access Modi5cation'* [Grandparent Application, 59:4-62:2). These measures, 
including mtemal I/O multiplexing, allow the Interfacing of a inemory device 
running at a relatively slow internal clock rate with the high-speed bus of the 
invention [Grandparem ApplicotioKi, 60:1-6]. This inc:ri:ases the bandwidth of 
DRAM access [Grandparent Application, 59:19-2; 61:3-13]. It was 
acknowledged that the invention lay not in these measures per je, but in their use 
with the high-speed highly multiplexed bus of the invention [Grandparent 
AppUcadon 59:23-25]. These measwes were the subieci-matter of claims 82-90 
and 1 14-123 of the Grandparent Application. 

2.3.5. Objective 2 was achieved bv PCT claim 103. 

2.3.5.1 . There can be no donbt whatsoever that in objective 2 ''the bus architecture of the 
invention^ meant a bus architecnne in which the bus includes a plurality of bus 
lines for carrying substantially all address, daia and control information needed 
by the device for commuidcadon with substantially every other device coTinected 
to the bus, and has substantially fewer bus lines than the number of bits in a 
single address [Grandparem Application, 7:10-19; 11:16-12:10). A bus including 
a plurality of Such general purpose lines, carrying in a time -multiplexed manner 
substantially all address, data and control information needed by the device for 
communication with substantially every other device connected to the bus, and 
having substantially fewer bus lines than the number of bits in a single address 
will be referred to in the present document as a "highly multiplexed bus." This 
defmiti n is constantly reinforced throughout the application including the 
summary of the invention aud the begmning ot the specific descripdon 
[Grandparent Applicaiioa, 7:10-19; 7:25-a:2; 11:16-25]. 
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2.3.5.2. lu all, claims 82-90 aod 95-lSO of the Grandparent Applicatioa achieve this 
bjecrive: it is a wide objective, bui it is restricted by reference to the bos 
architecture of the invention. Each of these claims requires a device that can be 
used in a bus architecture where the bus inciudes a plurality of gcuerol purpose 
lines, cariying in a time-multiplexed marmer substantially alt address, daca and 
control informatioR needed by the device for communicaiion with substantially 
every other device connected to liie bus, and having substantially fewer bus lines 
tihan the number of bits in a single uddress, that is to say, a highly multiplexed 
bus. 

2.3.6. In summary, in relation to tihe granted claims, the invention as oricinally disclosed 
was that disclosed in PCT claim 103, in the context of the overa)} description and 
objective 2. 

2.3.7, The Technicat Board of Anneal case law on cl«iimbm&deniag is settled^ 

2.3.7.1. The test for whether claim broadening is contrary to Art. 123(2) £PC, and 
therefore Art. 76(1) EPC also, was clearly cnunciaced in decision T331/87, 
foUowing decisions TI94/84 and T260/S5. The test was approved In decision 
T514/S8 and is threefold |T33l/87. Reasons:^]. 

2.3.7.2. "The rcjnoval of «u inteijcr from a claim naay not violate Art. 123(2) EPC 
provided the skilled reader would directly ond unambiguously rvcognise that 

1 . the integer was not explained as essential in the original disclosure; 

2. it is not, as such, indispensable for the function of the invention in the light 
of the technical problem k serves to solve; and 

3. the replacement or removal requires no real modification of other integers to 
compensate for the change.'* 

2-3.8. Granted cMm 1 lacks an essential elem^t of the invention as oiipinaUv disclosed. 

2.3.8.1. Granted claim 1 requires a semiconductor memory device including output 
drivers for *^outputting data.^ PCX claim t03 explicitly required the device to 
interface to a highly multiplexed bus. If the removal of this explicit requuxmeni 
means that claim 1 does not require the data to be output onto a highly 
multiplexed bus^ this is a cruchl distinction because the requirement of PCI 
claim 103 for a highly multiplexed bus implied that the device claimed must 
have certain interface circuits that would idlow it 10 demultiplex and decode 
relevant bus Q'ansactions. Therefore* granted claim 1, if it no longer contains this 
implied requirement, is broader than PCX claim 103. Such broadening is . 
inadmissible. 

2.3.8.2. Was compatibility with the highly multiplexed bus explained as essential in the 
original disclosure? 

2.3.82.1. According to decisions T260/8S and X527/88, in determining what Is 
explained or disclosed in the application, it is necessary to read the 
document as a whole and individual passages within it in context. In 
view of this, a linc-by-line analysis is no substimte for gaining an 
overall impression of die document by reading it from start to finish. 
However, die following points are mentioned to give a flavour for the 
disclosure of the Grandparent Application. 

2.3.8.2.1. T. The application was entitled "Integrated Circuit I/O Using a High 
Performance Bus Intcrfiice." 
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23.8.2.1^. The discussion of the pri r art drew many dlstiucti ns between the 
numerous documcnis mentioned and the invcntioTi, some of which 
were applicable lo different inventions from the invenoons 
originally claimed. However, in every case bar ojic, the documcnis 
were distinguished from the invcnti n on the basis that it did not 
possess features of the bus mter&ce [Grandparent Apphcacion, 
3:14-1«; 3:2^-4:3; 4:3-7; 4:13-J4; 4:16-18; 5:13-14; 6:5-71 The 
single exception was a reference that described a clocking scheme 
thai was distingmshed from the clocking scheme nsed in the 
invention {Grandparent Application, 5:19-25]. The only claims in 
the Grandparent Application that did not contain a detailed 
description of the highly multiplexed bus were cither directed to 
this clocking scheme, claims 73-81, or die packaging of die device, 
clamis 91-94. 

2.3.8.2.1.3. MonM>ver, the state of the azt was summed up tbvs; "None of the 
buses described in patents or ocher literature use only bused 
connections. All contain some point-to-point connections on the 
backplane" [Grandparent Application 5; 13-) 5]. 

2.3.8.2.1.4. Tbe summary of the invention opens with a discussion of the 
highly multiplexed bus [Grandparent Application, 7; 10- 1 9]. 

2.3.8.2.1-5. The objective achieved by PCT claim 103 was coQcemed with the 
highly mtilriplcxed bus. This is highly relevant IT514/88]. 

2 J. 8 J2. 1.6. the entire specific description is concerned wiA a highly 
multiplexed bus. 

2.3.8.2.1.7. All of the original claims, apart fi^om those directed to the clocking 
scheme or the packaging;, cooiained a detailed description of the 
highly multiplexed bus. 

23.82. 1.8. Furthermore, even the discussion of the advantages of modifiable 
access times, as set out in pnra. 1J.22 above, can be seen to 
presi^ipose the highly multiplexed bus. As discussed above, the 
inventors considered modifiibic access times to be advantageous 
when using the bus for the transfer of small blocks of data, because 
in tfie bus cycles Intervening between a request packet and the 
sacisfiictlon of tbe request, the bus could be used for additional 
requests or brief bus accesses [Grandparent Application, 15:23- 
10:7]. In the highly multiplexed system* where address, data sm6 
control signals are carried on [he same lines, it is of course 
important to ensure that data resulting from the satisfaction of an 
earlier request docs not collide on the bus with address aod control 
information relating to a subsequent request. In a non-mulriptexed 
system where address, data and control signals are carried on 
separate lines, data resulting from the satisfiiction of an earlier 
req\ie5t cannot collide with address and control information relating 
to a subsequent request. Modiilable access times are disclosed pniy 
as a consequence of the highly moitiplexed bus and do not in the 
invenrors*. view have any existence independent of it. 

.8.2 J2. All of these matters point to the essentiality of the highly multiplexed 
bus. indeed, the whole tenor of the Grandparent Application was that it 
concerned a new bus architecture. There is no disclosure, suggestion or 
implication that anything else was contemplated. It is what the 
inventors contemplated, as objectively determined from their original 
application, iliat counts [T260/85, Reasons: 10). Tba Grandparent 
Application clearly explained that compatibility with the highly 
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multiplexed bus was an es&cmia] element of tbe invention of PCX claim 
lOJ. No other reading or explanation is possible. 

2.3.8.3. Was compotibility urtth the highly multiplexed bus, as such, indispetisable for 
the function of ^e invention in the light of the technical problem it serves to 
solve? 

2.3.8.3.1. As is clear from decision T33I/87 and T5H/88 which followed it, the 
"technical problem" to be considered here must at the very least include 
the relevant objective of the mveution as onginally disclosed It cannot 
be some redefined technical problem such as might be used to analyse 
inventive step, because such technical problems are defined vis-l-vis 
the objectively moiit relevant of the known prior an and therefore take 
into account matter not disclosed in the application as filed. Even the 
achievement of advantages that are disclosed in tbe original application, 
but not set out as objectives of the inveotion, will not do. They are 
relevant only to intermediate generalisation, as is discussed below jn 
paragraph 1.4.1.3.3. The purpose of the test set out in T331/87 is to 
detemiine objectively which integers of an orighial claim are essential 
to tbe invention. Clearly, if any such Integer is not required to achieve 
tbe slated objective of the invention, that is a relevant fact On the other 
hand, if any such integer is not required to achieve an entirely difZcreot 
objective, with which the invention in its broadest sense was not 
concerned, that fact is equally clearly of no consequence whatsoever. 

2.3.8.3.2. As discussed in paragraphs 2.4.2 - 2.4.5 above, notwidistanding the 
appearance in the Patent of one objective, PCf claim 103 was 
concerned with another of the original objectives, objective 2. Thus, the 
technical problem chat PCX claim 1 03 served to solve was to provide 
devices, especially DRAMs, sultaWe for use with the highly 
multiplexed bus archicecwre in question. Therefore, compatibility with 
the highly multiplexed bus was not just indispenss^ble; it was a 
prerequisite. 

2.3.8.3.3. Moreover, as explained above, not only was die objective to be 
achieved expressly stated to concern compatibility with the highly 
multiplexed bus, but also the advantages described as arthbutable to 
modifiable access times, are discussed wholly within tbe context of the 
packet-based bus [Grandparent Application, li:23-24]. The packet- 
based bus here described is, of coune, the highly multiplexed bus. 

2.3.8.4. Would the retnoval of the requirement for compatibiUt)? with the highly 
multiplexed bus require any real modificarion of other integers to compensate for 
the change? 

2.3.8.4.1. Again, this is a straightforward question to answer. Removal of this 
requirement has far-reaching consequences. 

2.3.8.4.2. Firstly, the programmable access time register would no longer need to 
be accessible via the bus. This was an explicit requirement of PCT 
claim 1 03 and stemmed from die control information being multiplexed 
onto the bus. Thus, the circuitry of the device that allows the access 
time register to be programmed would be able to take its iaputs from 
non-bused signals and need not demultiplex rhem from bused signals, 
as is the case with PCT claim 103. 

2.3.8.4 J. Secondly, the nature of the "request" of PCT claim 103 Is defined by 
The highly multiplexed nature of the bus. Removal of this 
interdcpendcaica from granted claim ) would be a i^dical dcpanurc 
from the teaching of the application as filed, in which requests had to be 
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eacoded and multiplexed onto the bus lines in the way similar to that 
shown in and described with reference to Fig. 4 of ihc Graudp&nsnt 
Application [Grandparent Application, 21:21-24:2). Any rexrwvai of die 
require went for compatibOity with the highly multiplexed bus would 
radically alter the meaning of the terw "request" as between PCX claim 
1 03 and granted claim 1 . 

23. 8.4.4. Thirdly, as discussed, modifiable access tiiries are disclosed as a 
consequence of the highly tn.ultiplexed bus and do not in the inventors* 
view have an existence independent of it. Any removal of the 
requirement for concipaiibillty with the highly multiplexed bus would 
also remove the justification for TnodiHable access times as perceived 
by the inventors. 

2.3.8.5. For all these reasons, if the requirement in PCI' claim 103 for compatibility with 
the highly multiplexed bus is absent from granted claim 1, its absence &jls all 
three Umbs of the test establi.shcd by die Technical Board of Appeal Tt would 
amount to Inadmissible claim broadening contrary to Arc 123(2) EPC, and 
therefor* Art. 76(1) EPC also, 

2.4. Tt follows for precisely the reasons discussed above that neither granted claim 1 nor any 
of the remaining claims is entitled to the prioricy date claimed. 

2.5. Impermbsiblc Intermediate Genera lisatlon 

2.5.1. The Techni cal Board of Appeal ca.se law on intermediate generalisation is settled. 

2.5.1.1. The test for whether intermediate generailsaiion is contrary lo Art 123(2) EPC, 
and therefore Art. 76(J) EPC also, was clearly enunciated in decision T2X4/94. 
followhig decision T17/86. 

2.5.12. "An amendment of a claim by the introduction of a technical feature taken in 
isolation from the description of a spcciHc einbodiment is not allowable under 
Art. 123(2) EPC if it is not clear beyond any doubt for a skilled reader from the 
application documents as filed that the subject-matter of the claim thus amended 
provides a complete soindon to a technical problem unambiguously recognisable 
from the application.** 

2.5. 1^. A number of oih^ passages frooi this decision shed useful light on how this test 
is to be applied, in particular the following statements. 

2.5J.3.1. Referring to T\7/H6, an isolated technical feann^ ''may be miroduced 
into a claim without contravening Art. 123(2) EPC, provided Ibat it is 
'"evident beyond doubt to a skilled person reading the description that 
this isolated technical feanire on its own enables the object in view to 
be achieved'" " (T284/94, Reasons point 2. J .3, para. 2]. 

2.5.1.32. Ijx following this decision, the object to be achieved by the subject- 
matter of the amended claim has to bQ established as well as wliether 
the claims define all means necessary for achieving this objecf 
[T284/94, Reasons point 2.1 .4. para, l], 

2.5.1.3 .3. ^'Because of the tact that features disclosed in the context of a specific 
embodiment and added to a claim may achieve in an unambiguously 
recognisable manner an object different from that present in the 
introductory pan of a description, it should farther be ascertained 
whether such a further object is disclosed and whether it is clear beyond 
doubt for a skilled person reading the application as filed that the added 
technical ftatures on their own achieve diis ftmhcr object'* [T284/94, 
Reasons point 2, 1 .4, para. 3]. This m^es clear the iraponant diaiuiction 
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between objects chat are relevant to claim broadening, i.e. the original 
objectives f ihe mvcniion sci out as such, aad objects relevant 10 
mtermediate generalisation, which can be derived from other parts of 
the application, but only to the extent they are disclosed. 

^•^'2- OraQtfed claim I Includes a tectoical f eature diat has been isolated from its original 
context and d ocs not provide a complete sorut ion 10 anv technical problem disclosed 
In the Grandparent Application. 

2.5.2.1. PCT claim 103 stales diiat access time inforrortion "may be traxismitted to said 
[access time] register via said bus which establishes a predetermined amount of 
time that said semiconductor device thereafter must wait before using said bus in 
response to a request," It is clear from the language of PCT claim 103, in 
particular the phrase '"thereafter must wait ... in response to a request,** that it 
applies to all types of request. This is cotisisteat with the preferred embodiment, 
in* which trausaction requests contain access time infomatioa m all cases 
[Gnindparem Application, 27:1-15]. This requirement can easily be undentood. 
The advantage of a modifiable access time register is. as discussed above, to 
allow " maximum utilisation of the hu,^ for transfer of short blocks of data" 
[Grandparent Application, 15:1-3]. Maximum utiUsaiioa of the bus can only be 
achieved if all the devices connected to the bus use a pro£rammable access time 
register to time their response to ail requests directed to them, 

2.5.2.2. Granted claim 1 requires the semiconductor memory device to respond in a 
• certain way to read requests only. If granted claim ! were bmitcd to read only 

devices such as ROMs, this limitation to read requests only would not be 
objectionable. However, granted claim 1 also covers read/write devices such as 
RAMs dial have programmable access times for read requests only, and not for 
write requests. This represents an impermissible intermediate generalisation. 

2.5.2.3. As discussed, the technical problem" solved by modifiable access tiroes, as 
claimed in PCT claim 103, was co maximise bus utilisation for exchange of 
small blocks of data in a highly multiplexed system [Grandparent Application^ 
lf>:l-3]. Modifiable access time DFAM read operations were discussed in the 
Grandparent Application in conjunction with modifiable access time DRAM 
write operations. Wliereas bus utilisation nuy be improved by providing for 
modifiable access times in respect of read operations only, it is not a complete 
solution to the problcni of maximisinE bos utilisation. For the achievement of 
that objective^ the device must have programmable access times iu respect of all 
operations that require it to utilise the bus in response to a request Granted claim 
1 isnotsoUntited. 

2.5.2.4. For this reason, the lnu"Oduction into granted claim 1 of the requirement for 
modifiable access times in respect of read operations only fails the test 
established by the Technical Board of Appeal. It amounts to inadmissible 
inicrniedlaie generalisation contrary to Art 123(2) EPC, and therefore Art. 76(1) 
EPC also. 

2.5J. Granted claim 1 Includes a furriier technical feamre that has been isolated from hs 
orlginaf conte xt and docs not provide a comolete sofmfon to anv technical oroblem 
disclosed in the Grandparent Application. 

2.5.3.1. PCT claun 103 is not limited to semiconductor memory devices; it also covers 
devices such as disk controllers which, by defmition, do not connect only to die. 
bus [Grandparent AppUcadon 11:19-21]. A disk controller does not "send and 
receive substantially all address, data and control information over said bus", 
because it exchanges data with ^e disk drive. U does, however^ exchange via die 
bus "substantially all address, data and control information needed for 
communtcAtion with substantiaUy every other device connected xo d»e bus." 
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2.5.3.2. All the semiconductor memory devices dbclosed in the Grandparent Applicati n 
commiuiicaie exclusively over the bus, including those disclosed in PCT claim 
104. Semiconductor memory devices are uoi required to communicate Avith 
devices that arc not connected to the bus. The broadest disclosure of a 
semiconductor memory device in the Grandparent Application is to be found in 
PCT claims 104. 107. 110, 112, 115, 117, 119, 122. 134 aitd 135. to each case 
without exception, the device is stated to have an cxctosivcly bus-based 
interfiace. 

2.5.3.3. The common objective to be achieved by the memory devices according to each 
of these claims, and indeed ev«y single mcraoiy device disclosed in the 
Grandparent Application, was the same as that to be solved by PCT cUiim 103: 
to provide devices, especially DRAMs, suiublc fur use with the bus architecture 
of the invention. Semiconducior memory devices are just a special case. 
According lo the Grandparent Application, memory devices for use in the bus 
architccmre of the invention conUin "only a single bus interface with no other 
signal pins'- [Grandparent Application, «:9-13J. li is clear that this commoo. 
objccdve U only completely achieved if the icmicondoctor memory device has 
an exclusively bus-based luierfoce. 

2.5.3.4. Tlwreforc, in accordance with the established case law of tlie Technical Board of 
Appeal, restricting any claim lo a semiconductor memory device, but not to an 
exclusively bus-based interface, amounts to inadmissible imcrnicdiatc 
generalisation contrary lo An. 123(2) EPQ and therefore Art 76(1) EPC also. 

^^^^^^ ^^^^^ ^ includes a further lecimleat f k mm that has been isolated from its 
^IPil context and does not orovlda a compleri* ^mtion to any technical nrobigm 
dmldfi^d in the Granripaf^n ^ AninlicatlnD. 

2.5.4. J. Granted claim I states that in response to a read request, the ouq}ut drivers of the 
memory device output a first portion of data synchronously widi respect to a 
ruling edge transition of an external clock and a second portion synchronously 
with respect lo the immediately following felling edge transiuou. PCT claim 103 
wai sUeni as to existence of a clock signal and therefore said nothing about the 
relationship between the clock signal and the timing of data output or the 
relanonship between the clock frequency and tlie data rate. Granted claim 1, in 
effect, specifies the use of a system clock nmning at half the bus cycle rate. 

2.5,4.2. According to die Grandparent Application, the technical problem to be solved by 
the use of a system dock running ai half the bus cycle rate was to reduce clock 
distribution problems by. firstly, ensuring all signals on the bus have the same 
worst case data rate and, secondly, facilitating the labelling of even and odd 
cycles [Grandparent Applicarion, 48:6-16]. In a typical bus system, where each 
bus cycle concsponds to one clock cycle, the address, data and control signals on 
the bus wiU transition, at worse, once m cveiy clock cycle. The clock signal by 
definition, transidons twice in every clock cycle. Thus, as the Grandparent 
Applicaiiou explains, if rhe clock is slowed down to half its typical rate, thereby 
slowing it down relative to aD the odier signals on the bus, it will transition no 
faster than rhe worst case transiuon rate of all the other signals on the bus. Tlie 

further result of slowing down the clock in this way is that all the input receivers 
of any device connected to the bus must be able to sample addresSi data ox 
control signals on both edge traniitiojis of the clock [Grandparent Application, 
54:9-12]. L I > 

2.5.4.3. As explained by the Grandparent Application, labelling of bus cycles as even or 
odd is facilitated by the use of a clock running at half die bus cycle rate. 
However, such labelling is needed only if the devices connected to the bus have 
to identify whether the current cycle is odd or even. Such identification would be 
required only if the bus protocol restricts the classes of information that can be 
traiisferrcd over the bus on even r odd clock cycles. In die preferred 
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cmboduucnt, Ac restriction ia that bus transaction reqiiesu can oaly be initiated 
on even clock cyc)t$ [Grandparent Application, 19:15-21). The reason for this 
restriction can onJy be determined from a detailed analysis of the preferred 
cmbodinicnt 

2.5.4.4. In the preferred cmbodtTnent» the bus runs at a very high data rate. To give the 
device input receivers sufflcieni lirac to amplify signals received from die bus at 
this high data rate, two input xecci vcrs are used with each input pin [Grandparent 
Appiication, 54:8-15; 61:9-13). The separation of the even and odd cycle input 
signals is maintained within the device, since the gate delays of the internal logic 
componems do not allow individual components to maintau) a throughput equal 
to the bus cycle rate [Grandparent Application: 19:15-17). Because of this 
inierxial scparatiofli and the signal Chrou^put limitations, it is possible to tcsi 
only one of the two sets of input signals for the beginnmg of a transaciioD 
rcqucsi. In the preferred embodiment, the even cycle input signals arc chosen. 
Tills explains why the bus protocol requires the labelling of clock cycles. 

2.5.4.5. Thus, the justificarion given in the Grandparent Application for rvnning the 
system clock at one half the bus cycle rate Is predicated on the existence of two 
sets of input receivers tor each device, operating on alternate bus cycles, and on 
the fact that input signals received by these two sets of input receivers arc treated 
differently within ibt device. 

2.5.4.6. Therefore, in accordance with the established case law of the Technical Board of 
Appeal, resuricting the claimed semiconductor device to a device that has a data 
outpnt rate of twice the clock rate, but not to a device dial also has data, address 
and control input rates of twice the clock rate, amounts to inadmissible 
inicnnediate generalisation conuvy to Axu 123(2) EPC and therefore Art. 76(1) 
£PC also. ^ ^ 

Srj^^^ clftim 1 includes a forther teehniaO feature that haa hp&n isolated from Its 
pn^mi comeyt and does not isrovlde a f^^ pkte solution to any technical problem 
dkda^cd in the Grandparent Aopllcation. 

2.5.5.1. PCT clairo 103 required a "modifiable access time register... whereby data may 
be transmitted to said register ... which establishes a prcdeterrniaed amount of 
time that said semiconductor device diereaRer must wait before using said bus in 
response to a request." 

2.5.5.2. Granted claim 8 requires there to be more than one selectable access time, 
suggesimg that this is not a rcquircmem of granted claim I. However, granted 
claim 1 does require a programmable access time register. If ilic access time 
register is to be programmable, it must apparently be capable of holding more 
than one value. Moreover, claim 1 apparently docs not allow each value that the 
access time register may bold to result in the same number of clock cycles' 
delay, because at least one value must be "representative'* of its correspondmg 
number of clock cycles. If this is correct, it means that granted claim I covers 
devices in which, if a specific value is stored in the programmable access time 
register, the device delays a predeiemiined number of clock cycles and outputs 
data synchronously with re.spcct to the external clock signal; and in which, if 
another value is stonsd, tlie device docs not delay. 

2.5 .5 J. It is plain that the objective to be achieved by requifing prograouuable access 
time delays is to avoid collisions on the bus. This objective is only completely 
achieved if the device always waits a selectable number of dock cycles and 
outputs data synchronously with respect to the external clock signal. If the effect 
of granted claim 8 is as discussed above, granted claim 1 is not so limited. 

2JJ,4. U would tbilow that a requirement been intri>daccd ictto grunied cUim 1 that 
the device need only wait a predetermined number of clock cycles for one of the 
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possible values to be stored ia the access time register. Such introduction would 
fail tbe test established by the Technical Board f Appeal, it is loadmissible 
inicrmediaic generalisation contrary to Art. 123(2) EPC, and therefore Art. 76(1) 
EPC also. 

2.5.6. Granted claims i and 4 include a fiinher technical feanire that has been isolated froro 
its oTi^mni context and does not provide a cotnoiete solutioa to anv technical 
problem disclosed in the Grandparent Application. 

2.5.6.1 . Granted claim I requires two portions of data to be output in response to a read 
request The only disclosure in the Grandparent ApplJcation of the output of 
multiple portions of data iu response lo a read request is in the context of a block 
uansaction reque&t. Claim 4 requires die amount of data output to correspond to 
block size information received by the memory device. 

2.5.62. The broadest disclosure of block transaction requests in the Giaodparem 
Application was PCT Claim 38. PCT claim 3S required tbe block-size value to 
be included in cotitrol information diat, together with address information, is 
bundled into a single request. That is exactly what is described in the 
Grandparent Application with reference to Fig. 4 [Grandparent Application. 
21:21-22:10, esp. 22:^10; 27:23-30]. No advantage is ascribed in the 
Grandpareut Application to the subject-matter of PCT claim 38, as distinct from 
die subject-matter of the claims from which it depends. Granted claims 1 and 4 
contain no explicit requirement for the block size value to be included with 
address information in a transaction request. 

2.5.6.3. As stated above, no advantage is ascribed in the Parent Application to ihc 
subject-matter of PCT claim 38, as distinct from the subject-matter of the claims 
from which it depends. This is a crucial point According to the test established 
by the Technical Board of Appeal for admissibility of intermediate 
generalisation, it can only be justified if there is an advantage ~ a solution to a 
technical problem - disclosed in tbe Grandparent Application that is completely 
solved by the intem^ediate generalisation. If there is no problem and no solution, 
no advantage disclost:d, the generalisation mu.st fail. Such is the case here. 

2.5.6.4. In spite of the above, it is not diRlculr ro understand the purpose of PCT claim 
38 in the context of a system where high-speed access to blocks of data is 
desired, and in which all bus transaction requests are six bus cycles long, it 
would be foolish to require one bus transaction to establish a block size and a 
second bus oransaction to make tlie block transfer requesrt. This would only 
increase the block request overhead to which the Grandparent Application refers 
(Grandpanmt Application, 15:23-16:7J. This purpose, nameJy allowing tjlock 
size selection with no additional overhead, was not disclosed as Sucli, but if it 
had been^ it would not assist tlie patentee: it is only achieved by integrating tlie 
block size value into the transaction request, which explains why the inventors 
took such pains to allow both very small block sizes (block size I) and very large 
block sizes (block size 1 024) to be represented by binary encoding using only 

four bits [Grandparent Application. 2S:1-1 1]. It also explains the use of the word 
**encodes*' in addition to ''specifies'* in PCT claim 38. Unless the block size 
value is so integrated, bus overhead will increase. 

2.5.6.5. For diis reason, if granted claims 1 and 4 do not require that block size 
information be integrated into a uansnctlon request, then the claims fi&il die test 
established by tbe Technical Board of Appeal. They amount to inadmissible 
Imermediace generalisation contrary to Art, X23(2) EPC, and Therefore Art. 76(J ) 
JEPC also. 

2.5.6.6. It is worthy of note that h is not cn ugh in the present context to say that the 
advantage or purpose of PCT claim 38 is to allow bl ck size selection; that is 
taiitologous. It amounts to saying that die advantage of an integer is its own 
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existence; that the problem to be solved by an integer b its own provision. On 
that basis, every intermediate generajisation could b© justified; but that is not the 
law. 

2-5.7. Crnmed clatitt. 5 includes a technical feature that has been isolated from its ongljial 
gOUiext and do€s not Of ovlde a compieie soiution to any tecluiical problem disclosed 
m the GTandpaTttnt Appticatt9f i/ 

2.5,7.1. Claiia 5 of the Patent requires the clock gcTjerution circuitry to include "a delay 
locked loop coupled to the clock receiver circuiiry to generate the internal clock 
signal" Tlie term "delay locked loop'' was never used in the Graodparem 
Application. It is a wholly new term. No delay locked loop was ever disclosed. 
The nearest thing to it was probably to be feund somewhere in tlie circuit 
illustrated in Fig. 12 of the Grandparent Application. The broadest disclosure of 
that circttii in the Grandparent Application is to be found in claims 78 and 1 08, 
but these claims make no mention of anythins could be regarded as a delay 
locked loop. The broadest disclosme in the Grandparent Application of any 
safficiently concrete functional detail of the circuit of Fig. 12 Is to be found lu 
claim 79, 

* 

2 J.7.2. Clearly, die object to be achieved by die circuit of Fig. 12 was to generate an 
inteiual clock signal synchronbed to a time half way between the early and late 
bus clock signab [Graiidparem Application, 46:20^7:1; 47:21-48:3], This 
objective is only achieved if the features of claim 79 of the Grandparent 
Application are present. Granted claim 5 is not so limited. 

2.5.7.3. For this reason, the introduction into granted claim 5 of a delay locked loop in 
isolation Ms the test established by the Technical Board of Appeal. It amounts 
to inadmissible intermediaie generalisation contrary to Art. 123(2} EPC, and 
therefore Art 76(1) EPC also. 

2.6. Having looked at the overall picture by comparing the Patent with the Grandpan^m 
Application, it is useful now to look at the detail of when die various impennissible 
changes in subject-matter took place. 

2.7. The Parent Application discloses sabjcci-matter not disclosed in the Grandparent 
Application as originally 51 ed on two counts, namely impermissible claim broadening 
and impermissible intennedi&te claim generalisations. 

2.8. Impermissible Claim Broadening 

2-8.1. Claim 1 of the Parent Appiication lacks all the essentia! elemeat^ of the invention as 
orimnafiv dtsclosec^. 

2.8.1.1 . Claim 1 of the Parent Application is not based upon any of the original claims as 
filed in the Grandparent Appltcatiotv This was acknowledged by the patentee in 
its lener dated September 23, 1999 on the Parent Application. In fact, none of the 
independent claims of the Grandparent Application as filed shares any 
substantive subject-matter with claim 1 of the Parent Application. It is 
im.po$&ible to identify the subject-matter of elaim 1 of the Parent Application 
with any of the Inventions as originally claimed in the Grandparent Application. 

2.8,12. Accordingly, whichever independent claim of the Grandparent Application is 
aacd as the starting point, that claim has been relieved of its very essence. Into 
the wholly emasculated claim have been introduced a series of isolated integers 
including all of the three .sub-paragraphi of cLiim 1 of the Parent Application, 
none of which relate to the objective originally achieved by any of the claims of 
the Grandparent Application. Clearly, it is not permissible for the patentee to 

remove from any independenc claim of the Grandparent Applicaticn the very 
integers that allow it to achieve the objective that the inventors had in mind for 
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it It amounts to abandoning tbc claim and reconsttuciing, « /'<'«/«2^: * 

wiiguMu K / J of the lest set oui in decision ijjwo/. » 

nmeudment roust all all twte umos 01 me «i v 

would amount to inadndssible claim broadaung coattary to Art. 123(2) tFi,. 
and tbwefbre Ait. 76(1) EPC also. 

2.9. lmpcrn>b»iWc Internwdiate Generaliialion 

291. ^ " f P««nt Aonlifi^rion iiicl^ de; i>trrhnM featu^ mat Jm^SSJ^ 

P^ohlem dtseto't«d in the Gfao '*rf""l^ ApnUcat^on. 

7 0 11 ClBim 1 of the Parent AppUcation rebtes tt> a semiconductor tncmory device. As 
SpSi^rf iitSS^ -2.6.3.3 above, the only semiconductor memory 
d^liK^ed to th» Gtandpareni Applicatloa arc ttose |haf -'^ c^«^We 
S highly multiplexed hus and transfer device select ^ 
bT Residcting any claim to a semiconductor memory device, bat not to the 
SS«STf TeJlce selea information via the bus. amounts to madm'»* « 
Sdtete generalisation contrary to Aa 123(2) EPC. and therefoie An. 76(1) 



EPC alao. 



ty.rl;,pt^i pr ffhtL-m diM ;^fff»l in »»E Crandwirefft Appltwt^on, 

2 92 1 Claim 1 of the Parent Application states that i;. response to a ««^«>P?^™;^ 
o«tp° dri ver, of the memory device output d.a omo an '«^^r 
.0 fi«r and second internal clock signals. Accordmg to *V<=^JP»^' 
AppUcaaon. two internal cloeVs signals are S^«»^' "^J*^^ *t 
SSptement of the oiher IGrandparent Application, 58:13-16]. ^«^^"»» 
dock sioials are used to clock input and output 1^?*^?"*"' 
aScS5*;8-12; 55:12-16; 5«:21.23: fig. 10]. In the preferrtd embodnn««^ 
ZSTmn^Bi ; veo' kish data rate. To give the 

time to amplify signals received &om the bns at tins h.gh data raj^ »PJ^ 
receivers uied with eacb inpm pin (Gratidparent '^^^'^^^^'^i^^ 
131. The separation of the ewn and odd cycle mpot sifinah .» «««««»'"^ 
Sd^cr^nce the gate delays of the intcmallogic ^^P^^f J""""'^^^^ 
tadividual components to mamtain a throughput equal to ^"^,^yfl« 
^andpatem Aiplicaiion: 19:15-17]. For the same reason, output mntaplcxers 
are used tOrandparenl Application, 53:12-16]. 

2 9 22 Thus, the justification giveo in the Grandpansm Application for usm^^^ 

2S.1 cloik sigmda is predicated on the existence '« «^de^'^ Si b« 
input receivers and a set of output muluplexen. operanng on alternate t)us 

cycles. 

2 9 2 3 TTurrcfore hi accordance v,ith the established c«c U w of a,c Technical Board of 
Sr^ ms^iS the claimed semiconductor device to a dev«e ^« 
S docJ signV but not t, a device that "^^.^f^.J^J^'^J "^^^^^ 
and a set of output multiplexers. »»«^«, »° /'^'^"'"Jj ^Lr^^^ 
Sneralisation contray to Art. 123(2) EPC. and therefore Art. 76(1) EPC also. 

f n y t..chnlci>l oroblr -" ■<«r-l7*' ^ " die Grandnnret^l AypllCiH"" '- 

2.9.5.1. Claims 5, 10 and U of the Parent ^^PP^^^tSS^i:^^^^^ 

to include a delay locked loop coupled to clock receiver cncuitiy g 
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internal ciock sig^ioL for the reasons given in paragraphs 2.6.7.1 - 2.6.7.3 above, 
muiaiis muiandis, the introduction into a claim oif a delay locked loop in 
isoladoQ aiTiounu to inadmJssible intermediate generalisation contrary to Art. 
123(2) EPC. and therefore Art. 76(1) EPC also. 

2.9.4. Claims 7 and 9 of the Pareut Application, include a technical feacures that have been 
isointed lirom their original ccrnteM and do not provide a comokte solution to any 
technicaJ problem discldyed in tiie Grnadparcnt Appticatinn. 

2.9.4.1, Claims 7 and 9 of the Parent Application require first and second external clock 
signals. These arc shown in the circuit illustrated in Fig. 12 of the Grandpnrem 
Application. The broadest disclosure of thai circuit and its purpose in the 
Grandparent Application is to be found in claims 73 and 78» which refer to early 
and lace clock signals. 

2.9.4^. Clcar^, the object to be achieved by the use of early and late bus clock signals 
was to allow an imcmal clock signal synclironvscd to a tiDie half way betwera 
ihc early and late bus clock signals to be generated [Grandparent Application^ 
46:20-47:1; 47l2M8:3], This objective is only achieved if the features of claim 
78 of the Grandparent Application are present. Claims 7 and 9 of the Parent 
Application are oot so limited. 

2.9.4.3. For (his reason, the introductioD into claims 7 and 9 of fb^ and second external 
clock signals with no further explanation fails the test established by the 
Technical Board of Appeal. It amounts to inadmissible intenneJiate 
generalisation contrary to Art 123(2) EPC, and therefore Art. 76(1) EPC also. 

2.10. The Patent discloses subject-matter not disclosed in the Farcnf Application as origiaally 
filed on two counts, namely impermissible claim broadening ajid impermissible 
iateimediate claim genemlisatious. 

2.1 1 . Impermissible Oaim Broadening 

2.11.1, Gryited claim i lacks all the essential elements of the invention as disclosed tn the 
' Pna-nt Application. 

2.1t.M. Claim 1 of the Patent is not based upon the only independent claim, claim I, of 
The Patent Applicacloa In fact, these two claims share no substantive subject- 
matter. 

2.) 1.1 -2. Accordingly, claim 1 of the Parent Application has been relieved of its very 
essence. Into the wholly emasihilared cla>m have beitn hitrodueed a series of 
isolated integers including all of the three sub-paragraphs of granted claim 1. 
This amouats to abandoning the claim and reconstructing, ex post facto, a new 
claim mcluding a selection of integers isolated from the original disclosure, 
whether from the description or the claims, irrespective of their rcievance to the 
original primary objectives of the invention. That is not allowed. Such an 
amendment must fail all three limbs of the test set out in decision T331/87. It 
would amount to inadmissible claim broadening contrary to Art. 123(2) £HC, 
and fiierefore Art 76(1) EPC also. 

2.12. Impermissible Intermctliate Generalisatloo 

2,12.1. Craritgci claim 1 Inclydcs a tgchnical feature diat hat be«i tKulftted from its oridnal 
context and does not provide a complete solution to anv tecjmfca i probfero disclosed 
in the Parent Applicatioo. 

2.12,1. 1. Granted claim I covers read/write devices such as RAMs thai have 
programmable access times for read request? only, and not for write requesu. 
For the reasons given in paragraphs 2,6.2.1 - 2.6.2.4 above, mufaiij mutandis, 
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this wnounu.to inadmissible intcnnediate geueralisaiion contrary to Art. 123(2) 
Ere, and therefore Ajt. 76(1) EPC also. 

2-12^. Granted claim 1 include ^ a furtfaer tecliiiical feature that ha^t been isolated fittrq jts 
original context and does not pro vide a complete' solution to anv technical problem 
disclosed in the farent Ap p^catinn 

2.12.2.1 .Gmnted claim I specifics the use of a system clock mhniag at half the bus cycle 
rate. For the reasons given in paragraphs 2,6 4.1 - 2.6.4.5 above; mutaiis 
mutandis, this amounts to inadmissible internicdiaie general isatioo contrary to 
Alt. 123(2) EPC, and dicrcforc Art. 76(1) EPC also. 

2-12.3. Granted claim 1 includes a tiiither technical feature that has beet) isolated frorn its 
orlRinal g^ntexi and does uot provide a conapiete solution to aTiv technical tirobicm 
disclosed m the Parenc Appfkanon. 

2.12.3. l.Grantfed claim 8 rctjuires there to be mtore than one selectable. access lime» 
suggesting that this is not a requireraent of granted claim 1. For the reasons 
given in paragn^hs 2.6.5.1 - 2,6.5.4 above, mutatis muiandis^ this amounts to 
inadmissft)le intermediate gcncialisatioa contrary to Art. 123(2) EPC, and 
tlierefore Art. 76(1) EPC also. 

2*1 2.4. Gifted cl aims 1 and 4 include a further technical fcatura tibai has been i«;olated from 
1^ on^inal cimlcxt Md does tiot provide a complete solution to anv technical 
oroblery dlx cia^sd la the Pa^em Ai>flli£alinp. 

2.l2.4.1.C}r3nted claim 1 requires two portions of data to be output in response to a read 
request. The oBly disclosure in the Parent Applicadon of the output of multiple 
portions of data in response to a read request is in the context of a block 
transactiott request Claim 4 requires the amuuot of data output to uorrespood to 
block jiae information received by the memory device. For tbc reasons given In 
paragraphs 2.6.6.1 - 2.6.6.6 above, mutatis mutandis, this amounts to 
inadmissible intermediate generalisation contrary to Art 123(2) EPC, and 
therefore Art. 76(1) EPC also. 

3. ENTITLEMENT TO DIVISIONAL STATUS 

3.1. For precisely the reasons discussed above and because die objectionable added subject- 
matter was present ii^ the Application as filed (a fundamental error), it follows that the 
Application and the Patent are not entitled to the benefit of the filing and priority dates of 
the Grandparent Application or the Parent Application. This conclusion follows from the 
application of decision T9D4/97, Headooce Point 1. They take as their filing and priority 
dates the date on which the Application was actually 6lcd. namely April 26, 2000. No 
subsequci\t amendment can affect the position under Art. 76(1) EFC, as indicated in 
decision TS73/94, Reasons, Section I, Para. 4. 

3.2. For reasons that are essentially similar to those set out above, and because the 
objectionable added subject-matter was present in the Parent Application as Qled, it 
follows that the Parent Application is not entitled to the benefit of the filing and priority 
dates of the Grandparent Application. It takes as its filing and priority dates the date on 
which it was actually filed, namely September 15, 1999, it follows that the Parent 
Application was never able to transfer to the Applicadon the benefit of the filing and 
pnonty dates of the Grandparent Application. 

3.3. As explained above in paragraph I, the Patent is prima facie not entitled to divisional 
status. 
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4. LACK OF NOVELTY ART. 54 EPC 

4.1. Each and every claim of tlie Patent, having a priority date of April 26. 2000, lacks 
novelty. 

4.2. WOyi/16580 CThe Grnndparent Application"), published October 3.1, 1991 

4.2.). The Grandparenr Application discloses every feature legitimately disclosed in the 
Patent, iocluding all the integers of every claim. 

5 . LACK or INVENTTVE STEP ART. 56 EPC 

5.1. The matter disclosed in rhe Grandparent Application does not support any claim 
purporting to cover devices capable of use with buses other tbar the highly multiplexed 
bus described or read requests other than read request packets. In proceedings brought in 
the UK« France and Germany under the patent arising from the Grandparent AppUcaCtoni 
the patentee has asserted that certain terms in claim 1 of that patent should afforded an 
Ipterpretanon wider than that supported by the Grandparent Application. The following 
discussion assumes that n consonant interpretation may be advanced by the patentee in 
respect of the Patent 

5.2. The subjectMvianer of claims 1-1 7 is obvious. 

5.3. Claim I of tbe Patent is a mere collocation of two elements, each known jper se in 
semiconductor memory devices, each serving to perform the function far which it is 
known and each bc'mg wholly independent of the others. The two elements in question are 
iXig£k sianal running at half the data rate and a synchronous device with an access time 
register. As a matter or law, affirmed in decisions T324/94 and T363/94, because each 
element is known per se and there is no super-additive effect mvnlved in the collocation^ 
it follows that the subject-marter of claim 1 is obvious.' 

5.4. Clock Signal Running at Ralf the Data Rate 

5.4.1. The use of a clock signal running at half the data rate ia prima facie, obvious. As 
discussed in the Patent, one objective achieved by slowing down the clock signal to 
half the data rate is U) reduce the transition rate of the clocik signal so that it wiD 
transition no faster than the worst case transition rate of all the other signals on the 
bus. This is an obviou.%ly desirable objective. Because slowing down (he clock signal 
ia an obviously desirable objt:cciye, tfierc can be no invention in slowing down the 
clock signal. It is ^ prima fade o\^v\o\)A measure. 

5.42, US ratent 4^30,852, Published May 18, 1982 ("Red wine'*) 

5.4.2.1 . Redwine discloses a serial inpuc/outpur memory device in which tlie input/output 
ia performed in units of 256 bits [Redwine, abstract; Fig. J). To increase llie 
serial access speed, die metnory is organised into two arrays [Redwine, 2:55-60; 
Fig. 1). A separate internal clock ia derived for each array (Fl; F2) from an 
external clock signal F. The two internal clocks arc 180* out of phase with one 
another [Redwine^ 4:62-64; Fig. 3]. Thus, the nocmory device is able to output 
serial data via output multiplexer 26 at twice the clock rate of the external clock 
F [Redwine. 7:17-26]. Redwine Increases the data output ratt: to twice the clock 
speed, in the interests of high-speed data transfer. 

5.4.3. ""ScnJnble Coherent Interface's $CJ-28I^o>88-doc20 C*SC1 B") 

5.4.3. J. As discussed below, SCI is an inter&cc standard used to connect devices, 
including processors, I/O devices and memory. SCI uses a 16 bit wide 
synchronous, packetlzed bus, to carry address, data and control informatioa The 
narrow 15-bit data path operates at 2u5 per word (5OGMH2). It is docked vridi a 
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250MH2 clock with both clock edges active [SCI B/p. 2, col. 2, 8* complde 
paragraph]. Tbh scheme helps to keep IC pin count down. 

5.5. Synchronous Device witu an Access Time Regbter 

5.5.1. Japanese Patent Application Sho 62-71428, Piiblisbed October S» 1988, and 
English Translation (''Yamaguchi") 

5 5. 1. 1. Yamaguchi describes a dual-port RAM thnt has both random access I/O and 
serial access VO capabilities [Yamaguchi, 3:1-3; 7:3-9]. The random access and 
serial ports 101 ... 103, SJOl ... SIC 3 and address lines AO ... Al are provided 
to aUow the device to connect to an external bus. The RAM includes four 
memory arrays M-ARYl ... M-ARY4 [Yamagucbi. 8:10-12]. Each memory cell 
array M-ARYl ... M-ARY4 comprises m+/ word lines and sets of 
complerncncary data lines which intersect at {m^J) x (/!•<•/) memory cells 
[Yamaguchi. 8:17-20). The device maybe formed on a smgle chip [Yamaguchi. 
7:4-6]. As explained below, the device outputs data synchronously with respect 
to an edge transitimi of an external clock signal. Thus, Yamaguchi discloses "A 
synchronous semicondttctor memory device having at least one memory 
array which Includes a plurality uf memory cells.* 



5.5.1.2. Tlie dual-port RAM Includes a timiojj conuol circuit TC diai receives a number 
of external control signals [Yamaguchi, 18:10-13; Fig. 1], One such external 
conirol signal is an cxtcrnQl serin] clocjc signal SC that is generated of!-«hip 
[Yamaguchi, 18:1 3-16). The external serial clock signal SC is uicd to ensure 
Stable synchronisation of the serial output operation of the dual-port RAM with 
the dot rate of a high-resolution, high dot rate external CRT [Yamaguchi, 28:7- 
15]. Tbc CKterual serial clock signal is therefore a signal of a fixed firequeiury 
linked to the dot rate of the cxteroal CRT. Thus, Yamaguchi djisdoses on-chip 
"clock receiver circuitry for receiving an external clock signal having Oied 
frequency." 

5.5.1.3. The timing control circuit includes a counter circuit CTR [Yamaguchi, 19:12- 
) 5]. A counter is a register that is callable of incrementmg nr decrementing the 
yalue it con tains > Many tnicroprocessor inieriuiJ registers, including program 
counter (PC) and accumulator (AC) registers arc also counters of this kind. An 
ahemative arrangement is discussed in which a register latches the count value 
and a count-up counter is used to count &om zero until its output matches the 
vahie in the register [Yaxnaguclii, 28:19-29:1]. In the preferred embodimem, the 
counter of Yamaguchi » loaded with a value presented on the parallel I/O lines 
lOl ... 104 on the filing edge of the row address strobe signal RASV 
[Yamaguchi, 21 :12-17; 25:8-1 )]. Once loaded with this value, the coumer circuk 
coimts down to zero in syxichronism with an internal clock (ignal, the counter 
advancing tinung signal [Yamaguchi, 21:18-22:3]. This internal clock signal 

is generated by dve timing control circuit TC froniL. and has the same 
frequency as, the external seiial clock signal SC. It is merely a slightly delayed 
version of the external serial clock signal SC owing to the gate delays of 
Inverters Nl and N2 and the AKD gate AG2 of the timing coam>l circuit TC 
[Yamaguchi, 23:8-14, Figs. 1 & 3]. The overall result is that the counter circuit 

counts clock cycles of the external serial clock signal SC [Yamaguchi, 
19:12-15]. 



5.5.1.4. As will be described below, the counter circtut is used to delay the output of 
serial data by a number of clock cycles corresponding to the value loaded into 
the counter circutr CTR [Yamaguchi, 27: 19-21]. Thus, Yamaguchi 
on-chip ""prMgrammable access- time rcgbter for storing a 
representative of o number of clock cycles of the external 
transpire after which the memory device responds ti> a read request. 
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5.5.1 .5. In accordance with a fimher interual clock signal the serial I/O circuit latches 
the data presented by dau registers ORl ... DR4 on coinplcmeaiaiy data Uncs 
CDSl ... CDS4 to the seilal data lines SIOl ... S104 and hence t ao external 
bus [Yamaguchi, 19:17-19]. Clock signal ^ ii synchronised to external serial 
clock signal. SC (Yamaguchi, 26:17-19). Theref re, Yamagucbi discloses "a 
plurality of output drivers for outputting data in response to (he read 
request, wherein data is output synchronously with respect to fan edge 
transition of the external clock signal]:* After die first transittou of the internal 

clock signal it is also used to shit^ a shift register of a pointer PNT that points 
to the current position in the data registers DR.1 . . . DR4, thus accessing the next 
data in the data registers DRl ... DR4 lYamaguchi, 26:19-27:7). Data is output 
iu accurate synchrony with the external serial clock signal SC only once an 
uitemal strobe signal 4>dt, generated when the counter CTR reaches to zero, has 
been asserted. Thus, YanugucLi discloses that the data is output "oiter the 
number of clock cycles (represented hy the value stored in tlie accesS'tlme 
register} of the external clock signal transpire." 

5.5.1.6. As described above, it was obvious on the priority date to clock the memory 
device of Yamaguchi with a clock signal running at half the CRT dot rate, to 
reduce the clock signal transition rate. 

5.5.1.7. l( follows that (he subject-matter of claim 1 is obvious. 

5.5.1.8. As discussed at length above, Yatnagudil describes a timing control cjrcuic that 
generates a number of control timing signals, one of which is the internal clock 
signal Tills signal causes the serial I/O circuft SIO to drive new data at each 
rising edge of 4>e. Thus, Yamaguchi discloses that the memory device fiirdier 
includes *'c!ock generation circuitry, coupled to the clock receiver circuitry, 
to generate an internal clock sigoar', and tttat *'Chc output drivers output 
data in response Co the internal clock ilgnal. 

5.5. 1 .9. It follows that U^e subject-matter of claim 3 is obvious. 

S.5.M0.AS explained above, the number of clock cycles delay introduced into a serial 
read operation by tlie counter circuh CTR b equal to the value stored in it during 
the read request. That value can be between 0 aud IS. The value scored ia 
therefore "representative of our of a plurality of differcut delay times." 

5.5.1. 11, It follows that the subject-matter of claim 8 is obvious. 

5.6. US Ptitcnt 4,785,428, rubUshcd N«>v«fnbCT :15, t9S« w«"> 

5.6.1. Fig. t of Bajwa is the fimctionat block diagram of a DRAM controller (consisting of 
functional blocks 9, 11-13, 15-17) that controls a DRAM array 14. In the preferred 
embodiment, the DRAM controller itself is a chip, [Bajwa, 2:56], while the DRAM 
array 14 is a 1Mb conventional DRAM [Bajwa, 4:24]. The combination of the 
DRAM controller and the DRAM array constitutes a semiconductor memory that 
interfaces with a .synchronous bus 10. Thus, Bajwa discloses "a synchronous 
semiconductor memory having at least one memory array which includes a 
plurality nf memory cells.'* 

5.6.2. The DRAjM controller perfanns die function of the bus Interface of the memory 
device and is a clocked, self-timed device. The DRAM controller is dn'ven by a dock 
having a nvo non-uvedapping phase design [Bajwa, 2:52-54]. Four clocks PHI and 
PH2 and their inverses PHI I and PH2I are disclosed as controlling the logic function 
[Bajwa, 2:54-39]. Fig. 4 shows how a memory access sequence is clocked with 
respect to PHI. Bajwa further describes a clock management circuit 28 and RAS, 
WE, QE, and CAS pin control lo^c v/hich receive an fextexnal clock in the form of 
clock .signals CLKA, GLKB, CLKC and CLKD [Bajwa. Fig. 2], The cjock 
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management circuit in combiiut^on with the clocking signals controls timing for the 
memory access [Bajwa, 6:18-23]. Thus, Bojwa discloses "clock receiver circuitry 
for receiving an cjiterDsl clock signal hnving a fixed rrcqiiency." 

5.6.3. The memory includes a program RAM 20 for storing "liming sequences programmed 
into" the DRAM controller to match the speed of any number of cxisiiA^ arrays 
[Bajwa, 2:44-45; 2:6-7). The timing sequences are progranjnicd into progmm RAM 
20, which is a 53x35 atray ns shown in Fig. 2. Each of the 53 rows is used for 
programmbg all 35 internal tratisitidn control signals required for one clock cycle. 
The 53 rows are used as follows. The DRAM controller is capable of block size 
access of 1 to 4 words in size [flajwa, 8:28-34], and the timing sequence for each of 
the 4 block size types is programmed separately, Lc. by using: 

5.6,3.1 . 8 rows for die liming sequence of l-word access, [Bajwa. Fig. 6] (max delay of 8 
clock cycles), 

5.6,32. 1 J rows for programming the timing sequence of a 2-werd access (max delay of 
1 1 clock cycles), 

5.6.3.3. J5 rows for prognmunmg the timing sequence oF a 3-woni access (max delay of 
15 clock cycles), 

5.6.3.4. 19 rows for progtanmdug the timing sequence of a 3-word access (max delay of 
19 clock cycles), 

.6.4. This requires a total of 53 rows. Thus, program RAM 20 comprises at least four 
access-time registers used to specify 4 <tiffcrcni access times corresponding to each 
of thfc 4 possible (programmable) block sizes, lo this scheme, one pre-programmed 
signal RPYNOW signals the memory control unit to transmit the read reply packet to 
ihe AP bus [Bajwa. 5:64-6:14]. RPYNOW can correspond to any one of a number of . 
clock cycles [Bajwa, 6:10-15]. Thus, Bajwa discloses a "programmable access-time 
register for storing a value which is representative of n numl>er of clock cycles of 
the external dock signal to transpire afUr which the memory device responds to 
a read request It fuitber discloses that the value stored is therefore 
^'representative of nnc of a plurality of different delay times" 

6.5. The program RAM 20 contains the DRAM access protocols and dmings [Bajwa, 
8:14-38]. The signal multiplexer 22 selects ihe appropriate stgaab from the timing 
sequence stored in the program RAM 20 and drives die various B AS. CAS. 0E» and 
WE signals, along wldi dte signals from clock management unit 28, clocking signals 
(CLKA-CLKD) and ARREN [Bajwa» Figs. I and 2]. As shown these signals are 
synchronous wldi respect to, at least, clock PHI. they are supplied to the DRAM aod 
cause the DRAM to output the selected amount of data. The read data coming in 
from the DRAM is queued in the memory control unit and is oulpul onto flic external 
bus (AP Bus) accordwg to a pre-prognumacd timing sequence which indicates the 
clock cycle during which the transmissjon of the read data may begin [Bajwa, 5:64- 
6:14]. The AP bus timing requires the transmission of a data word on every bus cycle 
[Bajwa, 6:1-2], Thus, the data is read out synchronously with respect to the cxterwal 
clock signal. Accordingly, Bajwa discloses ''a plurality of output drivers for 
outputting data in response to a read request* wherein the daU is output after 
the number of clock cycles (tepresentei by the value stored m the access^time 
register] of the external clock tronspire and synchronously with respect to /an 
edge transition of the extemai clock signal}:* 

.6. It was obvious on the priority date to integrate the timing and interface functions of 
die MCU onto individual memory devices, to allow higher operating speeds. 
Moreover, it was obvious on die priority dale to clock any synchronous memory 
device widi a clock signal running ai half the bus data rate, to reduce the clock signal 
tnini»Uion raw:, or to incrcAs<; the data output lutc to twice the clock speed, in the 
interests of high-speed data transfer. 
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5.6.7. h follows thflitlxc subject-matter of chim 1 is obvious. 

5.6.8. When a read request is received, ibe central sequencing logic (CSL) 17 of the DRAM 
controller starts a timing sequence thai provides all the timines required for accessing 
the DRAM array in each clock cycle. A SEQUENCE sigml is set high to Indicaie 
fliat the DRAM controller is attrently processing the request [Bajwa, 3:66-67; Fig. 
4]. SEQUENCE is set low (inactive) when the processing of the request is 
completed. A RAS PRECilARGE is discuiscd [Bajwa, 7:15-26], The DRAM HAS 
prechorge tune is specified by a 3-bit counter in the preferred embodiment. The 
counting of the prcchargc cycles is enabled when SEQUENCE goes hiacti ve [Baj^va, 
7:21-22]. Hence, the memory array is ''automaticaUy prcchargcd after receiving 
the read request" by the DRAM controller. When the count expires, prccbarge is 
complete and the DRAM controller ready to process the nexi requcsc (the 
precharge counter is abo reloaded in preparation for the next read cycle) [Baiwa. 
7:23-27]. 

■ 

5.6.9. It follows that the subject-matter of claim 2 is obvious. 



5.6.10, As discussed above. The DRAM corrtroUer is a clocked, self-timed device. The 
DRAM controller is driven by a clock having a two uou-overiapping phase design 
[Bajwa, 2:52-54]. Four clocta PHI and PH2 and dieir inverses PHI I and PH21 are 
disclosed as coatrolling the logic fiuictioji [Bajwa, 2:54-59]. Fig, 4 shows hov/ a 
memory access sequence is clocked with respect to PHI. The signal multiplexer 22 
selects the appropriate aignals from the timing sequence stored in the program RAM 
20 and drives the various RAS. CAS, OE, and WE signals, along with the signals 
from clock management unit 28. clocking signals (CLKA-CLKD) ar^d ARREN* 
[Bajwa, Figs. 1 and 2]. As shown these signals are synchronous with respect to, at 
least, clock PHI . They are supplied to die DRAM and caujc the DRAM to outpur (he 
sclccicd amount of data. Ttius, Bajwa discloses "clock generation circuitry, 
coupled to the clock receiver circuitry^ to generate an Internal dock sigoaf' and 
that "the plurality of output drivers output data lu response to the internal dock 
signa!." 

5.6.11. U follows that the subject-matter of claim 3 is obvious. 

5.6.12. The DRAM controller provides timing sequences for one to four word memory 
accesses [Bajwa, 8:16-19]. During a memory operation, the DRAM sequence 
CQntrolkr 24 receives a two bit block size information code (hTUMWORDS) which 
corresponds to the number of words for the memory access (1 to 4 words) [Bajwa, 
3:63-66; Fig. 2]. A 3-bit unary encoded or 2-bit binaty encoded operation code signal 
is supplied to a SIGNAL MUX 22 to specity whether the operation is a read, write or 
TCtresh (Bajwa, 4:6-20]. Thus, Bajvw discloses that '^ehc data output in response to 
the read request corresponds to an amount of data specified by block size 
information, wherein tiic block siic information is provided to the memory 
d«vic«." 

5.6.13. It foUows that the sabject-maaer of claim 4 is obvious. 

5.6.14. As cxplamed above, The DRAM controller is capable of block size access of I to 4 
words in size [Bajwa, 8:28-34], and the liming sequence for each of the 4 block size 
types is programmed separately. The value stored in the access time register is 
therefore "representative of one of n plurality of difTcrent delay limes." 

5.6J5. It follows that the subject-matter of claim 8 is obvious, 

5.7. GiEaBit Logic, 19g8 GaAs IC Dau Book & Designer's Guide, May 1988, 12G014 
256x4-Bit Registered, Self-Timed Static RAM. (**GigaBit'') 

5.7.1 . Cfi^abit describes a 256x4-bit static RAM fabricaicd using GaUium Arsenide (GaAs) 
lechnolo^iy (-"nie 12G0)4'*). Tlic 12C014 is a self-timtd SRAM C'STKAM"). T^us, 
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Gigabli discloses ''A synchr nov9 semiconductor oiemory device luvine at least 
one memory array whicb inciudes a plurality of memory cells." 

'i " * seJt^timed SRAM ("STR AM"), iwrnng at a fixed frequency of 400 

r^v ^^■'t'v^ ^T^''"' ^' *2G014 STRAW has diffcrwtial clock 
inputs CLK and CLK\ as sliown m the block diagram on page 2-3. The differeoiial 

^'"1"'^ ^ ^ '^'^'^'^ generator {unciioial block, which must 

include c ock recemr circuitry to receive the diffc«„o«l clock i«p„te. Thus. Gigabit 
disclojes dock receiver circuitry for receiving an cxteni;>l clock sigMl havine a 
fixed frequency." " " 

5.7.3. The 12G014 is a x4 memory, with four output drivers (Q0-Q3) outputtins data onto 
toe bus m riapoasc to a rwd request. The output is fbUy registered (double latch) as 
sbowi, m die block diagnm, on page 2-3. Tf^t oxitiw register is clockS 

'f*^^. "SMcy of the output clock geaoratar that 

generates an internal dock from tbe complementary clock inputs CLK and CLKV 
Hence the output operation is done synchronously with respect to the external clock. 

f„- 2^ * ^1 ' '■•*'' - "•«' 5y"Clift>nousJy with respect 

i9 fan edgrtnuultiono/ the external clvek signal/." 

5.7.4. The 12G014 has thne output modes, namely latch mode, register mode and 

^ft aL"?"^'"^ '?* «™'5P««« i» asynchronous (similar to conventional 
SRAMs). Both die latched mode and register mode are clocked. In register mode 

°J!f w J*^' P'^V'J-^S ^ clock cycle in which the read request is' 
received. Valid output data is presented to the on-chip output drivers. At die next 
nsmg edge of *e dock sigial. i.e. a full 2.5 ns clock iycleVftc the ^^ad r^lT^s 
leccivcd this data b loaded into the output dixvers and propagates to the datt oatpui 
PUB and hence the bus. wh«« it is held for a h,ll cycle. This is shown and described 

Z^.^"^ t"^™" °" ""S* ^'^ ®8>bit discloses a device in which. In 

register mode, the output driven output data "after /a/ number of clock cycles JLe. 
oiuj of the external clock transpire awl lyncbronoualy with respect to fan eim 
trmxaion of the external clock s^naljr «} [an eage 

5.7.S. In latch mode, memory access again takes pUce during the (Jock cycle in which the 
read request is received. Valid output data is presented to the on-chip output drivers 

cifrt?'' S"'" Tf? "^"^ transparent at the falling edge of the clock 

signal to allow valid data to appear on the data output pins, and hence on the bus. as 
soon a, possible. The duty cycle of the clock is changed so that the falling edge 

Tl^^f^r' ^"'.T ^^^'"^^ 'y*^*'- ^"^ -Ifiven tran5)arer.t 

^^o* «f .v"^ "V* "^'"8 edge to hold data over to the falling 

fl^^Vt T"; " timmg diagram I 

page 2-7. Thus, Gigabit discloses a device in which, in latch mode, the output drivers 
output data "after faj number of dock cycles Ac less than one half] of the 
external etock transpire and synchronou.,!, with r^pect to [an edge trmsUion of 
the external dock signal]." 

5.7.6. The output mode is programmed by applying one of three signal levels to a MODE 
pin. as descnbed on page 2-4. Vss level gives register mode. Vdd gives Jatdi mode 
and Vcc gives transparent mode. The mode pin signal is received in the output clock 
generator where it must be decoded. The ciicuitiy that decodes the mode pin siiinal 
and produces the decoded logical outputs is programoiablc untJ die mode pin is 
connected and thereafter output* the value progmmm.d into it The value 
programmed mto this register detwmines die outpm mode and, in particular the 
output de)*y. Therefore. Gigabit disdoses an on-chip "programmable access-time 
ngister for storing a value which is reprcsentaiivc of ■ number of clock cycle* of 
the external clock signal to transpire after which the memory device responds to 
a read request." It also discloses that, in both latdi and regUier modes, Ac output 
driven ouipui data "aJler the number of dock sytto „f the external dock 
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transpire and synclironously with respect to /an rtf^tf transition of the external 
clock signal] r 

5.7.7. As described above, it was obvious on the priority date to dock any synchronous 
memoiy device with a clock signal running at half ihc bus data rate, to reduce the 
clock signal transition rate; or to increase the data output rate to iwicc ihe clock 
speed, in the interests of higjb-speed data transfer. 

5.7.8. It follows that the subjea-niatter of claim 1 is obvious. 

5 J.9. The Fig. on page 2-3 includes an "Output Clock Generator," which generates imeruaJ 
clock signals from CLK and CLKV These Imemal clock slguals drive the output 
register. Thus, Gigabit discloses that the memory device further includes "clock 
generation circuitry, coupled to the clock receiver circuitry, to generate an 
Interndl clock signer and that die "output drivers output data in response to the 
internal clock signal" 

3.7.)0. i£ follows that the subject*mattej o,f claim 3 is obvious, 

5.7.1 1 . As discussed above, the value programmed into the access-time register determines 
the output mode and, in particular, the output delay. It is representative of one of a 
plurality oC different delay times/* 

« 5.7. 12. It foUoMTS that the aubject-niatter of clain) 8 is obvious. 

5.7. 13. As illustrated in the block diagram on page 2-2, all signal bputs to the device are 
latched m accordance with an internal clock generated by an input clock generator 
from ibc differenrlal external clock signals CLK and CLKV Thiis, Gigabit discloses 
that the "read requi:$t is sompUd synchronously with respect to a rising edge 
transition of the external clock signal." 

5.7.14. It follows that the subject-mncicr of claim 10 is obvious. 

5.7.15. The Pin descriptions of page 2-4 of GigaBit describe pin VBB as an "ECL Threshold 
Reference Vohage (Nominal - 1 .3 V) provided to allow direct tracking of an ECL 
logic fainily*s Vbb reference voltage.** ECL slguals are low voltage swing signals. 
GigaBU continues: ""This must be tied to a noiainal - i.3V wheu jnttfrfaciog to IDO 
PicoLogjc circuitry (or 10 the VBBS stipply pin of a PicoLogic device)." CLK\ is 
described thus: "Clock Input Compiemeut: provides an optional differeritial input for 
systems with differential Clock discribuiion. For single ended Clock distribution 
CLK\ is tied to the Vbb input pin (aom. - 1 JV). Page 2-5 mentions rhat CLK\ can be 

ustfd instead of CLK. ih which c4is« CLK is tied to a nom - \ .3V sourca It ia clcm^ 
froro these passages that both CLK and CLK\ are low voltftge swing clock signals. 

5.7.1 6. It follows That the subject-matter of claim 17 is obvious. 



5.8.1. Saccardi describes a massively parallel processor architecture in which a plurality of 
components are interconnected by a cross bar swiu:h 120 [Saccardi, Pig. 4j. Some of 
these components are semiconductor memory devices 108.. 1 10. These memory 
devices are addressed by other devices via the cross bar [Saccardi, 4:51-53] and 
output or input word-size read data via the cross bar to or from other devices 
[Saccardi, 4:27-28; 4:54-59], independent read and write requests arc possible. The 
inter-device connections and connections between the cross bar and the memory 
devices form a bus external to tbe memory devices. Each device therefore includes at 
least one memory array coutaiaing a plurality of memory cells. As explaioed below, 
the device outputs data syncluonously with respect to an edge transition of an 
external clock signal. Thus, Saccardi discloses 'A synchronous semiconductor 
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mem ry devicv having at least one memary array which incivdes a plurality of 
cncmory cells/* 

5.8.2. Each memory device includes a variable tick delay device VXD [Saccardi, 3:25^7]. 
Separate simplified devices are an alteirotivc [Saccardi^ 3:61:63]. Tlic VTDs control 
the inpux and o\iq>ut operations of the memories, iiwoducing variable delays to align 
data for processing in a selected sequence relative to ihe clocking period [Saccardi, 
3:26-35]. All the memory devices and arithmetic units operate under timing control 

_ of a single clock. The clocking lale is predeterrDUied [Saccardl, 3:64-7:3]. Thus, 
Saccardi discloses "c)ock receiver circuitry for receiving aa external clock signal 
having a fixed frequency." 

5.8.3. Fig. 6 of Saccardi is a block diagram of a VTD. As shown, there is a register 
comprising 32 bits of control, C0-C31 . Each group of 4 bits, e.g. C0-C3, defmes an 
access delay ihai can be 1-16 clock cycles long. The VTD thai b at die output of a 
aiemory device thus delays the jnemory response by a prop'ammed number of clock 
cycles [Saccardi, 4:5-S]. Thus, Saccardi discloses a "pmgramniatole access-time 
register for stbriag a valne which Is representative of a number of clack cycles of 
the external clock signal to transpire after nhich the memory devica responds to 
a read request.** 

5.8.4. Fig- 6 abo shows a 64.brt wide data path, hence there is a plurality of output drivers. 
These arc shown as ouiput registers 17 [Saccardi, 3;45-50]. A system clock provides 
timing cootrol for data transfer and for fimctioftal operation of each element in the 
system and this has to include the output rc^slcrs of the VTD ISaccardi, 3:22-25]. 
Hence, daia b wxtpui by a VTD in a delayed manner, after a programmable number 
of clock cycles, and synchronously virlih rwpcci to the exiemai system clock signal 
Thus, Saccardi discloses *'a plurality of output drivers for outputting data in 
response to a read request, wherein the data Is output after the number of clock 
cycles [represenUU by iA< value storeti in thr access-time rt^Uicrf of the external 
clock transpire and syncKronoiuly v^ith respect to /art edge iraHXition of the 
external dock xignatj/* 

5.8.5. As described above, it was obvious on the priority date to clock any synchronous 
memory device with a clock signal cunning at half the bus data talc, to reduce the 
clock signal transition rate, or lo increase Ae data output rate to twice the clock 
speedy in die interests of high-speed data transfer. 

5.8.6. It follows that the subject-matter of cl»iin 1 is obvious. 

5.8.7. In the pipelined processor model, the delays of the VTDs are established in advance 
and the pipeVine is then cVt>ck^i througJi. Setting up the ^oncroL rfc^stftTs of the VTDs 
amounts to an 'luitialiSBtlon sequence" and clearly must be performed "after power 
is appMed.'* Moreover, die transmissicm to the VTD of control register sci-up data 
amounts to making a "set register request' that is distinct from subsequent read 
requests. 

5.8.8. It follows that the subject-matt^ir of claims 6 and 7 is obvious. 

5.8.9. As e^iplained above, the number of dock cycle delays introduced mtci a read 
operation by the vrD is one of a number of possible delays depending on the value 
stored in the control register durmg the set register request. In Fig. 6, that value can 
be between 0 and 15. The value stored is therefore "representative of «ac of a 
plurality of differcut delay times " 

5.8.10. It follows that the subject-matter of claim 8 is obvious. 
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5.9. Japanese Fafent Application S57-JL4992, Fablbtiecl January 26, 1982, and EnsJisti 
Translation ("Taguri") 

5.9. L fig. 2 of Taguri i$ the funciionai block diafiram of a memory device MS 1 [Taguri, 
2:12-14], Hie MSl includes an input latch 2, an output Jatch 3, a controller 4 and a 
memory array 5 [Taguri, 3:22-23]. luterfecc signals Si (j=I-n) sent from a CPU 6 are 
latched to the input latch 2 by clock signal X; (Taguri, 3:23-24]. The output latch 3 
sends data to tlie CPU 6 as m interfiice signals Sd (6-1-m) by cJock signal t, [Taguri 
3:26-27], Thus, Taguri discloses synchronous semicondqictor memory device 
having at leajit one memory array which includes a plurality of memory cells." 

5.9.2. Clock signals ti and ij arc selected from four external clocks lo-lj, phase sbiflcd 
relative to one another in quarter cycle increments [Taguri, 3:1-5; 3:28-29], Thus. 
Taguri discloses "clock receiver circuitry for receiving an external clock signol 
having a ilxed rrcc|uency.'' 

5.9.3. The selection of the appropriate clocks t- and tj from tlie foiv external clocks to-t? is 
done by a clock sclccujr 8. controlled by a configuration control register 7 [Taguri, 
3:30-31]. The configuration control register 7 is programmable [Taguri, 3:34-37]. 
This allows the time delay between receipt of a read request and data output to be set 
at will in quarter cycle iucrcmeats [Taguri, 4;l-3]. Thus, Taguri discloses a 
"programmable access-time register for storing a value which Is representative 
or a number of c!t»ck cycles of the evternaJ clock sIgoaJ to tran9pire after which 
the memory de\'ice responds to a read request." 

5.9.4. As discussed above, the output Jatch 3 is clocked by clock signal V The output is m 
bits wide. Thus, Taguri discloses "a plurality of output drivers for otitputting data 
in response to a read request, wherein the data i.i output after the number of 
clock cycks frepresenita by the vaiue storett In the access^^ime register/ of the 
external clock transpirK** and "synchronously with respect to fan edge ttanittlon 
iff the external cioeJt signatjr 

5.9.5. It was obvious on the priority date to clock any synchronous memory device with a 
clock signal runnmg at half the bus data rate> to reduce the clock sigoal transition 
rate, or to increase the data output rate to twice the clock speed, in the interests of 
high-speed data transfer. 

5.9.6. It follows that the subjcct«matier of claim 1 b obvious. 

5.9.7. The clock selector circuit 8 selects one of the four external clocks lo control output 
and one to control input. Thus, Taguri discloses "clock generation circuitry, 
coupled to the clock receiver circuitry, to generate an internal clock signal and 
that "^the plurality of output drivers output data In response to the Internal clock 
signal." 



5.9.8. It follows that the subjcc^ma^er of claim 3 is obvious, 

5.9.9. The time delay between receipt of a read request and data output can be set at will in 
quarter cycle incremftnis [Taguri, 4:1-3). Thus, Taguri discloses thai the value stored 
in the programmable access-time register is "representative of one of a plurality of 
different delay times."* 

5.9.10. It follows that the subject-matter of claim 8 Is obvious. 

5.9.11. Interface signals Si (i«»l-o) sent from a CPU 6 are latched to the input latch 2 by 

clock signal t* [Taguri, 3:23-24], Thus, Taguri discloses that the "read request is 

sampled synchronously with respect to a rising edge transition of the external 
cl ck signal." 

5.9. 12 . It follows diat the subjeci-matier of claim 1 0 is obvious. 
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5. JO. us f atcnf No. 4,499^36, Issued February 12, 1985 rGcmrao^) 

5.10.!. Gemnja describes & processor-based SCU ihat interfaces with a main memory 
including a phiraliiy of memory cells anauged as one or more memory arrays 
[Gemma, 3:65]. The memory anays may be in a number of configurations [Gemma, 
6:25-32]. The SCU incliidcs a controller 17 that receives a clock sigual Tj 
synchronised with the processor machine cycle [Gemma, 4:26-35; Fig. 2J. This is 
received by AND gates 29 and 24 within the controller 17. Timing control signals 
tfiat drive a counier 25 are generated from the cJock signal T2 [Gemma, Fig. 2J. As 
explained below, the device outputs data synehmnously with respect 10 an edge 
tnmsitioa of the cloclc signal T,. Thus, Gcnmia discloses "a synchronous 
semiconductor memory having at least one memory nrray which includes a 
plurality of memory cells" that includes *'clock receiver circuitry for receiving nn 
external fto the SCU j clock iiignal having a fixed frequency." 

5.10.2. The SCU 17 receives incmory related instructions from a current insmiction register 
via a signal line 101 under the control of an execution unit. Conttrol Bofbrmation is 
sent to the SCU from the execution unit via o signal line 102. The control information 
detcnnines the "type of main memory access, that Is, read (F£)i fuU write (ST) and 
paaial write (PST)" [Gemma, 3:10-17]. The gcncmtion of a main memory access 
start signal (EX) that is sent to the main memory is dcscribcA The signal has a pulse 
width predetermined by the riming of timing signals % and T, [Gemiija, 3:1^-41], 
Subsequently, the SCU 19 sends a GFDB signal to tfie main memory on signal lino 
19 to instruct the main memory fo send readout data to a data bus 1 18 and sends an 
ADV signal to the processor on signal line 120 to instruct a read data register m the 
processor to read the data on the data bus i 18 [Gemma, 3:52-56]. The content of the 
read data register is sent to the execution unit 2 via a data bus 122 (Gcmrpa, 3:58-60]. 
it is hnplicit in the requirement for the main memory to respond to the Cf DR signal 
that the main memory includes ouq>ur drivers that respond 10 the signal. These output 
dr'jNM outpot (lata onto the data bus 118. Thus, Gemma discloses "a plurality of 
output drivers for outputting data onto an external [ip Out main memory] bos In 
response tu a read request.'* 

5.10.3. The SCU includes a controller 13, which is shown in detail in Fig. 2. The conimUcr 
13 has "configuration registers 20 and 21 which retain identification flags for the 
machine cycle of the processor and identification flags concerning the access lime of 
the main memory cells, respectively" [Gemma, 3:61-65). As described, the controller 
includes counter 25 for counting an elapsed time after the signal EX of a 
predetermined pulse width has been produced, a decoder 26 for dccodmg the count of 
the counter 25, a control circuit 27 for producing the signals GFDR and ADV ... 
based on the output of the decoder 26" (Gemma, 4 :4-10], Therefore, the timing of the 
CFi?K and ADV signals is determined with reference to the start of ilie cotmt of Hie 
coumcr. The count is begun with reference to the EX signal that has a predetermined 
pulse width [Gemma, 3:39-41]. The counter counts according to the clocV signal T2 
synchronised with the niachme cycles [Gemma, 4:26-35], Thus, in responding to the • 
GFDR signal, the output drivers of the njainmemoiy output data "after [aj number 
of clock cyclesr of the external Ito the SCU and memory/ cluck transpire and 
synchronously with respect to fan edge transition of the external clock signaljr 

5.10.4. The configuration registers 20 and 21 of the conODller 13 are initialised to contain 
one of three machhie cycle Identiflcatioa flags and one of three main memory 
identification flags [Gemma, 4:1 i-17]. The output from the conftgoration registers 20 
and 2) are supplied to the control circuit 22 via signal lines 200 and 201 [Gemma, 
422-25]. The counter 25 is reset in response to the memory signal EX being low 
[Gemma, 4:32-35]. The output of the coujiier, representing a number in binary form, 
20-23. is fed to a decoder 26 [Gemma, 4:35-38). 

5.I0J. According to Gemma, "the relation between the combinations of the identification 
flags tnk (k-l-S) and The taj 0*1-3) and the send timings of the signah GFDi^, ADV 
and BSYEL The send timing arc represented by the couaU Q-C^^ of the number of 
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machine cycle counted after the sigoal EX has been produced. Those counts are 
predetermined based on the response perfomaacc of the processor and the main 
memory, i.e. based on the contcols of ihe contlgunition registers (Gemma, 4:53-60]. 
The following example of the timing is given: "when the identification flags lUi and 
ta, arc set to respectively, the signal GFDH is sent at Ihc liming Q and the 
sjgoal ADV is sent at the timing Cj,," [Gemma. 4:60-63), Thus, once the EX signal 
has been produced, that is, ouce die memory has been instructed to execute a read, 
the signal GFDR is sent to the memory to instrucc It to output the result of the read at 
a time of Q whidi is measured in terms of machine cycles of the processor, the 
number being deteirained by the contents of the configuration registers. Having 
issued the sigoal GFDR, titie controller tiicn issues Ac signal ADV at a time of Cvt to 
instrua the read data register to read the output from die memory. Accordingly, 
Gemma discloses more than one "programmable access-time register for storing a 
value which is rcprcscntAliv« of » number of clock cycles of the external po the 
SCUJ clock signal to transpire after which the memory device responds to a read 
request.** It also discloses that the output drivers of the main memory output data 
"after the number of clock cycles of the external /to the SCV and the memory] 
clock transpire and synchronously wiUx respect to [an edge uansUion of the 
external clock signaljr 

5.10.6. It was obvious on the priority date to iiitegrate the timing and interface functions of 
the SOU onto indlvidiuiJ memory devices, to allow higher operaiing speeds. 
Moreover, it was obvious on the priority date to clock any synchronous memory 
device with a clock signal running at half the bus data rate, to reduce the clock signal 
transition rate, or to increase the data output rate to twice the clock speed, hi the 
interests of high-speed data transfer. 

5.10.7. ti follow^t that the subject-matter of claim I is obvious. 

5.10.8. As discussed extensively above, AND gate 24 produces an IjiTcmal clock signal thai 
is used to drive the coimter 25 on a rising edge transition. Thus. Gemma discloses 
"clock generation circuitry^ coupled to the clock receiver circuitry, to generate 
an internal clock signal", and that "the output drivers output data in response to 
the Internal clock signal." 

5. 1 0.9. It follows that the subject-matter of claim 3 is obvious. 

5.10.10. The initjalisatjoa of the configuration registers 20 and 21 is descnbcd as follows, tn 
the initiah'^ation of tbe processor, one of the identification flags mi'-mi and one of the 
identification flags tai-taj arc set to "I". The operation may be carried out by a 
known technique, such as by loading a microprogram into the conU'oI metnory during 
the initialisation of the processor. (Gemma, 4:9-22], Thus, Geroxna discloses that 
*'thc value is stored in the programmable access time register after power is 
applied to the mernory device during an Initialisation sequence." This process 
amounts to a "set register request*' from the processor. 

5. 10.1 1 . It follows that die subject-matter of claims 6 aod 7 is obvious. 

5.10.12. The values, mrnii and taj-ta?, stored in the configuration control registers clearly 
control the timing of the output signals. Thus, Gemma discloses that "the value 
stored in the progromniBble access time rt^xsttr is representative of one of a 
plurality of different delay times.'* 

5.10.13. It follows that the subject-maner of claim 8 is obvious. 




5.11. Japanese Patent Application Sho 62-185253, Published January 3t, 1989, and 
English Translation (*'Kumagai") 



5.11.1. Kumagai discloses a mam storage unit MS 4 that inchides RAM memory arrays 
RAMO, RAMI, RAM2, RAMJ [Kumagai, Fig. I). The memory device MS 4 is 
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clocked by aa cxtemaJ clock soorce 5. That clock 5 urce 13 Bt least comw n to the 
meraory device MS 4 vid the roemoTy coocroUcr SCU. U is a fixed frequency clock 
[Kumagai. Fig. 4J. The ctock is used to clock all the interfaces of MS 4 which are all 
latched: command/address buffer MRQ 20. input data MSD 2) and output data MfX) 
30 [Kumagai, 4:8-22]. Thus, Kujnagai discloses "a synchroooQS semiconductor 
oaemory having at least one memory array which includes a pluraUty of memory 

SAX 2, 'iTie circuiny to receive the external clock is not specified in Kumagai, but it must 
exist and can simply be an input buffer. Thus, Kumagai discloses "clock receiver 
circuitry for receiving au external clock signal having a (bed frequency." 

5.11.3. The control unit of memory device MS 4, MCR 51, contains the clock counter 
circuitry shown in Fig. 3. The circuitry includes latches CO ... C3. These latches 
sloi-c a value representative of a number of clock cycles of the external clock, which 
is input to the circuitry at 316 (clock TO). The combination of blocks 300, 301, 318 
and 3 19 of Fig. 3 \s a clock counter that \frould signal (see input to block 102) when 
the clock count reaches the delay value stored in latches C0-C3. That sl^nai then is 
used to trigger CAS\ (through the clock phase selection circuity 102, 303, 304 and 
305). Hence, data in RAMO-3 is accessed onJy after the number of clock cycles 
stored in C0-C3 has transpired. The data is then sent to the memory output latch 
MFD 30 to.bc output at a clock edge to the requesting device SCO 3 [Kumagai, 5:10- 
27]. Latches C0-C3 arc programmable in the sense that they hold whatever values 
were read into them. Because C0^3 arc part of MCK 51, which is programmed by 
SCU 3 via MRQ 20, C0-C3 are programmable by the SCU 3 via that interface. Thus, 
Kumagai discloses a "programmable access-time register for storing a value 
which b representative of a number of clock cycles of the external dock signal to 
transpire after which the memory device responds to a read request/' 

5. 1 1.4. Each of the synchronous interfiaces to the memory device MS 4 of Kumagai, oamely 
the command/address interface at MRQ 20, the input data interfece at MSD 21 and 
the output data interface MFD 30 can each be one or many bits wide. Thus. Kumagai 
discloses at least one ^output driver for outputling data." That output operation is 
m response to a read request from SCU 3 via command interface MRQ 20 (Kumagai, 
4:32-5:2]. The output operation is delayed untij after a specified number of clock 
cycles has transpired. The ouqjut operation is synchronous with respect to the 
external clock because MFD 30 is a latch. Thus, Kumagai discloses diat the one or 
more output drivers of die main memory output data "after the number of clock 
cycles of the external clock transpire and synchronously with respect to fan edge 
transition of the externa! dock slgnalf' [at Kumagai, 5:271, 

5.1 1.5. It obvious on the priority date id inregrate the timing and inlexfece functions of 
the SCU onto indivklual memory devices, to allow higher operating speeds. 
Moreover, it was obvious on the priority date to clock any synchronous memory 
device with a clock signal running at half the bus data rate, to rcdace die clock signal 
transirion rate, or to increase die data output rate to twice the clock speed, in. the 
interests of high-speed data transfer. 

5.1 1.6. It foUows that the subject-matter of claim 1 is obvious. 

5.1 1.7. Kumagai discloses an MS control unh MCR that generates timing signal 65 used to 
latch the fetch data latches FDRl ... FDR4 [Kumagai, 4:37-39]. litis timing signal 
65 is an internal clock signal and, in the multi-bit system discussed ahovc where the 
fetch data latches correspond to the output drivers of granted claim 1, it would 
constitute an "Internal clock signal** generated by "clock generation circuitry, 
coupled to the clock receiver circuitry." The "output drivers" would "output data 
in response to the internal clock signal."* 

5. 1 1 .8. It follows thai the subjfcci-mauc/ of ckim 3 is obvious. 
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5. U .9. The value for access time in Kumagai Is stored In latches C0-C3. Uichci are devices 
ihac hold values clocked in after p wer is applied. Tbc latches C0-C3 ar* 
programmed via tlic command interface MRQ 20. In most cascs» it would be done 
once and for all after power up, because in a given system the memory access time 
and processor machiw cycle will not change. This amounts to programming ''during 
an initialization sequence of the memory device following power up." 

5.11. 10. It follows that the subject-matter of claim 6 is obvious. 

5. U .1 ! . The latches C0-C3 of Kumagai allow four different access times lo be programmed 
iiito the memory device MS 4 [Kumagai, 5-27, Fig. 3: blocks 300, 3 18, 319 and 314]. 

3.11.12. It follows tliatthe subjcct-niatter of claim 8 is obvious. 

5.11.13. As discussed above, the common clocX is used to clock all the interfaces of MS 4 
which arc all latched: command/address buffer MRQ 20, input data MSO 21 and 
output diua MFD 30 (Kumagai. 4:8-22]. Thus. Kumagai discloses that the "read 
request is sampled synchronously with respect to a rising edge transition of the 
external dock signal.'' 

5.11.14. It follows that the subjectTmancr of claim 10 is obvious. 




5.12. Japanese Patent Application 6O-801W, Published May 8, 1985, and £nglish 
Translation (Uascgawa) 



5.12.1, Hasegawa discloses a memory system having a plurality of storage device blocks. 
These may be fast RAMs, slow RAMs or ROMs. RAMs and ROMs are designed in 
ajray fonn and equipped with memory ce.IJs- As ejcplained below, the device outputs 
data synchronously witb respect to an edge transition of ap external clock signal. 
Thus, Hascgawa discloses "a synchronous semiconductor memory having at least 
one memory array which includes a plurality of memory cells." 

5.12.2. A shift register 5 receives an exremal clock signal ^ [Hasegawa. Fig. 1; 4:7-11]. This 
clock signal ^ has a fixed frequency [Hasegawa, Fig. 2], Thus, Hascgawa discloses 
"clock receiver circuitry for receiving an cxffirual clock signal having a fixed 
frequency." 

5 . 12 J, Registers 2 and 3 hold diflcreni values defining bow many clock cycles of the clock 
signal 4» niusi elapse after a read request, before data is output via the data bus DB. 
Thb is described for a slow memory M2 [Hasegawa, Fig. 2; 4:5-29]. k is aUo 
described for a fjast memory [Hascgawa, Fig. 3; 4:30-5:10]. Depending upon which 
memory is accessed, the value stored jn either the register 2 or the register 3 is loaded 
into the shift register 5. The contents of shift register 5 arc then right shifted until a 
zero and a one are present at the outputs D7 and D8 of the shift register 5, whereupon 
an AND gate G4 asserts ^2 (Hasegawa, 3:35-39). Hasegawa also suggests the use of 
a programmable counter instead [Hasegawa, 5:36-38]. Thus, Hasegawa discloses 
'^programmable acccss-tinic register for storing a value which Is representative 
of a number of clock cycles of the external clock signal to transpire after which 
the memory device responds to a read request" 

5.12.4. Output drivere are present in the latch register 8 atid buffer 9. lo output data onto the 
data bus DB. The clock signal ^2 is generated synchronously with the external clock 
signal 4) [Hasegawa. Figs. 2 and 3]. Thus, Hasegawa discloses "a plurality of output 
drivers for outputting data in response to a read request^ wherein the data is 
output after the number uf clock cycles [represented by the value stored lu the 
acces$-time register) of the external clock transpire" and **syt^cbronously with 
respect to (an edge transition of the external clock signu II. 
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5.12.5. li was bvious a ihc priority date to integrate the timing conirol ftmcti ns onto 
individual n»emoTy devices, to allow higher operating speeds. Moreover, ii was 
obvious on the priority date to clock any synchronous jnemory device with a clocV 
signal running at half the bus data rate, to reduce the clock signal transition rtie r to 
increase the data output rote to twice ilic clock speed, h the interests of hidx-speed 
data transfer. 

5.12.6. It follows diiitthc subject-matter of cloiiu I is obvious. 

5.12.7. A& discussed above, the clock signal ^2 is generated synchronously with the rising 
edge of the external clock signal ^, The output drivers are driven by <)2. Thus. 
Hascgawa discloses "clock generation circuitry, coupled Co the clock receiver 
drcuitry, to generate an internal clock signal" and that *'tbe plurality of output 
drivers output data in response to the internal clock signal." 

5. 12.8. It follows that the subjeci-mallcr of claim 3 is obvious. 

5.12.9. As explained above, registers 2 and 3 can hold a number of different values. Thus, 
tlic value stored iu ibe access time register is ''representative of one of o plurnlJty 
of difTercnt delay times." 

5.12.10. It follows that the subject-matter of claim 8 is obvious. 

5.13, Japanese Patent Application rfu. SS6-82961, Fublished July 7, 1981, and Enelfsh 
Translation ("Kawamasn"). 

5.13.1. Kawamasa discloses a mcmoiy sy stent having two memory blocks of diflfering 
access times. The memory blocks arc designed in array fonn and equipped vrith 
memory cells (Kawamasa, Fig.). As explained below, the device outputs data 
synchronously with respect to an edge transition of an external clock signal. Thus, 
Kawamasa discloses "a synchronous semiconductor memory baving at least one 
memory array which includes a plurality of memory ceib,'* 

5.13.2. A memory access cycle counter 7 receives an external clock [Kawamasa, 4:10-13]. 
Thus. Hasegawa discloses "clock receiver circuitry for receiving an external clock 
signal having a fixed frequency.** 

5.13.3. At the start of each read request, counter 7 is loaded with the access time for the 
memory being accessed, and then it is counted down at each clock cycle of the 
external clock. The requested data is output synchronously onto oa external bus when 
die count reaches zero. This is achieved by "0" detector 9 activating AND gate 5, 
which produces a control signal for laichii^ die data output from the mc-mory into 
owpui register 6 [Kawamasa. 4:16-20]. Whenever the CPU accesses a "type 1" high 
speed memory, counter 7 is programmed with a "fixed" value, which is itself stonsd 
in another register 1 1, that is representative of the access speed of the high speed 
memory (Kawamasa, p. 3), If the CPU accesses a slow speed **typt U" memory, a 
different value is computed and loaded into the counter 7 [Kawamasa, p. 4]. Thus, 
Kawamasa discloses "a programmable access-time register for storing a value 
which is representative of a number of clock cycles of the external clock signal to 
transpire after which the memory device responds to a read requeit.*' 

5.13.4. The '*fixed" access thne value stored in register 1 1., corresponding to the access time 
of the high speed mcmoiy **typc V\ can itself be programmed using the service 
processor 16 [Kawamasa, p. 5]. Register II also therefore constitutes "a 
programmable access-time register for storing a value which is representative of 
a number of clock cycles of the external clock signal to transpire after which the 
memory device responds lo a read request,*' This programmable access time 
register is specific to the high speed memory. 
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5.13.5. Output drivers arc present in the oucpul register 6, to uiput data. TIic control signal 
for the output register is generated synchronously with t)ie exlcraal clock. Thus, 
Kawamasa discloses "a plurality of output drivers for outputting data in 
reap asc l a reod request, whercia Che data i$ output after the number of dock 
cycles {represented by the valttc stored In the access-time register) of the 
external clock transpire" and "aynchronously with respect to (an etfge transition 
of the external clock signal].'^ 

5.} 3.6. a was obvious on th« priority date to iategrale the limbg control functions onto 
uidiyidual memory devices, to allow higher operating speeds. Moreover, it was 
obvious on tlie priority date to tlocic any synchronous mcniory device widi a dock 
signal ivnning at half the bus data rate, to reduce the clock signal transition rate, or to 
increase the data output rate to twice the clock speed, in the interests of high-speed 
data transfer, 

5.13.7. It follows that the subject-matter of claim 1 is obvious. 

5.13.8. As discussed above, the output of AND gate 5 is generated synchronously with the 
external clock signal Thus, Kawamasa discloses "clock genervtiou circnifry, 
coupled to the clock receiver circuitry, to t>enerate an internal clock stgnar and 
that "the plurality of output drivers output data in response to the internal clock 
signal." 

5.13.9. It foUowfl that the subject-matter of claim 3 is obvious, 

5.13.10. As explained above, registers 7 and 11 can hold a number of differeni values. Thus, 
the value stored in the access time register is "representative of one of a plurality 
of Uilferent delay times." 

S.13.n. It foUows that the subject-matter of claim 8 is obvious. 

5.14, B» Ramakrishna Rau et aL, "Cydra 5 J>epartnientBi Superconiputer Design 
Philosophies, Decisions^ and Trade-of&" Computer IEEE, Jan. J 989, pp. 12-35 
("CyOra S**) 

5.14.1. Cydra 5 di$cus.<scs in detail the Cydra 5 departmental supercomputer. The 
perfonnance of the supercomputer heavily depends on the memory architecture 
[Cydra 5, "The main memory system". 26:col. 3 - 30:col. 3). Where non-interleaved 
memory does not provide the necessary bandwidth, two alternative memory 
orchitectvu^s are discussed. For memory accesses where the addresses form a 
contiguous sequence, sequcntjally intcrJeaved memory works very well [Cydra 5, 
"Seqttcntiaily interleaved memory architectures^ 29:col. 2 - JOxoi. 1 J, Tor memory 
accesses with a chanicteristlc stride, such as accesses to data arrays, the addresses 
might be distributed in sucb a way that many succeeding memory accesses hit the 
same memory module of a sequentially interleaved memory architecture. In these 
circumstances, sequential Interleaving does not improve memory bandwidth {Cydra 
5, "The stride poblem", 30:col. I]. To deal with this siniadon, a pscudorandomjy 
interleaved memory architecture is discussed [Cydra 5, *'P$6udomidomiy mmkBvcd 
memory architecture**, 30;col. I - col. 3]. In this architecture, high bandwidth is 
ensured, but the trade-off is that where the high bandwidth is utilised, luemoTy access 
times are less predictable and may increase [Cydra 5, 30:col. 2, last paragnq>h et 
seq.]. This is due to multiple requests being outstanding against the same memory 
module, in spite of the pseudorandomly Interleaved architccmre, whtTC the 
bandwidth and hence the request rate ai-e high. Of course, as Cydra 5 discusses; the 
same situation arises in a sequentially interleaved memory architecture, where the 
memory accesses have a characteristic stride, or in a non-interleaved memory 
architecture where the memoiy accesses are sequential. As explained below, the 
memory system outputs data synclironousty with respea to an edge transition f an 
exienial clock signal. Thus, Cydra 1 diicloses "A s/uchronous semiconductor 
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""ib'"'^^ having at least one memory array which includes a plurality of memory 

5.142. To deal with the increase and uuprcdictability in memory access times. Cydra 5 
proposes to buffer the requests on busy modules so that the processor need not wit 
mxji a busy module becomes free [Cydra 5. 32: Fig. 9J. Tbc problem remaining is 
how to forecast when the data will be ready for the processor. This is a crucial issue 
since the compiler must schedule the processor tasks, at compile liine, and must 
therefore make assiwipiions about how long it will take for data to be ready 
following a memoiy access. One scheme would be to assume a fixed latency. 
However, if the fixed latency is too short, the processor will still need to wail, and if 
it is too long, the access times will be unnecessarily dilated. Simulations have shown 
thai the optimum memory latency value is very sensitive to the request rate [Cydra 5, 
'*Tlie niKmory Itieacy regijter'\ 30:coL 3]. Therefore, Cydra 5 advocates an 
altemative scheme using . a memory latency register (MLR). The MLR is a 
programmable register that holds the value of memory latency assumed by the 
compiler when scheduling the currently executing code. The memory system delays 
data output by as many external clock cycles as are indicated by *c value stored in 
the MLR [CydraS, 33:col l]. It follows that the memoiy must Include "clock 
receiver circuitry for receiving m cxUrnal clock signal having a fixed 
frequency." 

5.14.3. The MLR allows the compiler to treat memory accesses as having a deterministic 
btency, but u> use difTereni values for the latency in different portions of the code so 
as always to deliver near-optimal performance [Cydra 5, 33:coLll. From this, it can 
be inferred thai the code generated by the compiler must include. a$ appropriate, 
instructions directing the microprocessor to rcprogrmn the MLK when there Is a 
change In the charaaer or bandwidlh of memory accesses. The MLR ij plainly a 
"'programmable access-time regitt«r for storing a value which is representative 
of a number of clock cycles of the external clock signal to transpire after which 
the memory responds Co n rend re9ucit'' Moreover, since any memory must be 
fiiraished with ouiput drivers of some description, Cydra 5 discloses "a plurality of 
output driven lor outputting data in response to the read request." 

5.14.4. As discussed above, "data is output synchronously wilh respect to fan edge 
transition of the externui dock signair and "after Che number of clock cycles 
[represented by the value stored in the access-time registerl of the ezternal clock 
signal transpire." 

5 .14.5. Cydra 5 does not disclose the location of the MLR, but in any case, it v»?as obvious on 
die priority date to imcgrau the memory latency register onto individual memory 
devices, to allow higher opertiiing speeds as is taught by Yamaguchi. Moreover, it 
was obvious on the priority date lo clock any synchronous merooyy device with a 
clock signal running at half the bus data rate, to reduce rhe clock signal transition 
rate, or to increase the data ouiput rate to twice the clock speed, in the interests of 
high-speed data transfer. 

5.14.6. It follows that rhe subject-matter of claim 1 is obvious. 

5.) 4.7. As explained above, the number of clock cycles delay introduced into a read 
operation by the MLR is equal to the vahie stored h\ it Values of 17 and 26 cycles 
are suggested (Cydra 5, 33:col. 1]. The value stored is therefore "rtprcsentativc of 
one of a plurality of dillerent delay times/' 

5. 14.8. It follows dxat the subject-matter of claim S is obvious. 
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Other Relevant Documents 
5. 15. 1 . Frogrammsible Access Time Delay (Claim 1) 




5.13.1.MJS Patent No. 4,445,204, U^ued April 24, 1984, ("Nishiguchi") 

5.15.1.1,1. Nishiguchi is directed to a "memory integrated circuit" [Nishiguchi, 

^ \ :7]. It contains an on-chip programmable counter for delaying die read 

^ ' ^ - operation until the number of clock cycles foUo wiag a read request 

c^^^^^-^-v J f^f^x^^ equals the prognunmed count. The invention is described using a ROM 




7 



5.15-1. 



is obvious that the Invention disclosed is "equally applicable m the 
case of a 1UM*» [Nishiguchi, 1:12]. The memory device includes "a 
memory section 6 inchiding mcmoiy cells in a matrix of rows and 
cohimns" [Nishiguchi. l;17]. 

The niemory integrated circuit of Nishiguchi includes circuitry to 
receive an external clock signal, v^hicb is "commonly utilized both for 
the CPU and this RONT [Nishiguchi, 3:36]. Such clock signals ore of a 
fixed frequency. The circuitry to receive the external dock is not 
specified in Nishiguchi, but must be present and con sinoply be an input 
buffer. 



5.15.M.3. Tlic memory integrated circuit of Nishiguchi includes a pro^atnmable 
access-time register in tlic form of the selection circuit J 9 comprising 
cross-points 191 to 196 shown in Fig. 2. The state (open or closed) of 
each of tlie cross-points in selection circuit 19 may be programmed in 
the same way the ROM memory iteelf is programmed (Nishiguchi: 
4:40-43; 6:17-19; 6:64^8]. At least \mtil so programmed, they arc 
programmable. An access delay tunc is specified in numbers of clock 
cycles by programming one of the cross-points to the closed position. 
For instance, if cross-point 193 is programmed to a close position, the 
access delay time will be 3 clock cycles. Access delay time can be 
changed by reprogramming the cross-points (Nishiguchi, 4:31-34]. The 
memory device responds to a CPU read request by stnlng a ready Qag 
after the programmed number of access delay clock cycles have 
transpired {Nishiguchi. 3:35; 4:35-40; 5:34-38]. 

5. 15,1 2. German Patent Publication DE 37 42 487, Pablished July 1988, and English 
TranMlarion ("Kawai") 



5,15.1.2.1. 



5.15.1.22. 



Kawai discloses a variable delay circuit buffer, which is a type of FIFO 
buffer in which a timing relationship is specified between the data input 
into the FIFO and its output. FIFO buffers are semiconductor memory 
devices. The buffer contains a core memory cell array made of rows 
and columns (Kawai, Fig. 31. The memory cells can be static memory 
cells (SRAM core) or dynamic memory cells (DRAM core). 

Kawai discloses a synchronous buffer device that jj clocked by an 
external clock signal. The external clock signal is labelled as ^ in Fig. 3. 
Receiver circuitry such as a buffer is used 10 receive the externa! clock 
signal Kawai discloses a register corresponding to an amount of delay 
tliai is programmed using a select signal bus of k bits [Kawai. Fig. 2]. 
The buffer device reads in data, which it holds for a time equals to the 
variable delay value programmed into the access-time rcgLster of the 
buffer, and then outputs it onto a bus. On rising of the L-th clock ... 
the initial data written m is output to the DOl-DOra ... The L is a value 
that is pr grainmable and externally set by users. 
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5.15.1,23. Kawai shows that the data output circuit 6 includes a plurality of ou^ut 
driver* f r outputting data on an m-bit wide bus (DOj-DOm). Each m- 
bit wide data is outputted in response to an implicit read request (set at 
the time the data is clocked into die butTcr), aad only after the 
programmed number of clock cycles has transpired (as discussed 
above). The data ouq)u! is done synchronously with the cjttemal clock 
signal. Kawai disclosts a couirol circuit 7. coupled lo the circuitry that 
receives the external clock signal ^. that geDcnitcs a control signal for 
timmg the data ouqput operation [Kawai, Fig. 3]. 

5. 15. 1.3. Japanese Patent Application JP-A-01-236494, Publislicd September 21, 
1989, and English Translation ("Akiraoto") 

5»1S.1.3.I. Akimoto claims "a seniiconducior integrated circuit device 
characterised by comprising a delay circuit whose delay time dianges in 
accordance with a selection control signal that is received via a 
prescribed pad or epctcmal terminal" [Akimoto, claim 1], Akimoto 
discloses a clocked SRAM with an on-chip progmmmabia liming 
generator circuit TG [Akimoto, Fig. 4]. That cirtuir receives inter alia 
an external clock CK and delay setting signals SSO-SSJ., and generates 
three internal clocks ^-e, ^'e and {Hoe for clocking the address, itxpixX, 
and output latches respectively. Hach of the address catpturc, input or 
output xlocking operation can be delayed from the external clock CK by 
use of the delay seiting signals SSO-SSU as shown in exemplary fig. i 
for the write clock ^e. 

5.15.2. Automatic Frccharging (Claim 2) 

5. 15-2.1. us Patent 4,754.433, 1«ued June 28, 1988 ("Chin") 

5.15.2.1.1. Chin describes an asynchronous DRAM having multiplexed twin 1/0 
line pairs [Chin, 3:20-27]. Chin utilises a sense amplifier multiplexmg 
scheme in which the DRAM alternates between sets of sense ampllfiexs 
ill a dual bit per CAS mode of opei-ation (Chin, 3:60-4:41]. Whilst one 
set of sense amplifiers is read, tibe other set is precharged in prepaiatiou 
for the next read (Chin 7:6<J-5:7l. 

5. 15.2.2. US Patent 4,845,677, issued July 4, 1989 ("Chappcir) 

5.15.2.2.1. Chappcll discloses a self-timed DRAM [Chappell, 4:29-34; Fig. 3-2]. 

The DRAM is internally partitioned into blocfo. The internal 
partitioning of the chip allows one block of the memory to be 
precharged immediately after a read operation, in preparation for the 
next read operation, while data is read frooj anodicr sub-array (ChoppcH 
5:28-31], A wait state generator msertj wait cycles if one of the three 
subsequent read operations requires access to Ac same block and thus 
must wait Ibr prccharge of that block to be completed [Chappcll, 5:46- 
61 and Fig. 7h]. As shown in Fig. 7b, where a read operation to one 
block (block D) Is hnroediaicly followed by a read operation to the 
same block, three wait cycles are inserted. The number of wait cycles 
inserted is enough to ensure that the prccharge of the block to be read is 
complete [Chappel 1, 5 :5 8-6 1 ]. 

5.15.3. It was conventional on the prioriiy date for DRAMs to prccharge the sense amplified 
and hence the bit lines automatically after o normal mode memory access operation 
in preparation for a subsequent read request from anoflier row. This is acknowledged 
in the Patent [Paleni, 7:30-34l.li follows that the subject-matter of claijn 2 is obvious. 
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5.15.4. Block Size iiiforiDfftion (Qaim 4} 

5. J 5.4. 1. US Patent 4,763,249, Published August 9, 1988 C*Bo.inba''} 

5.15.4.1. L Bomba discloses a system diat inc)udes a plurality of bus devices 
inccrcoimected by a synchronous, multiplexed bus. The bus device can 
be constructed as a mexnory device with a plurality of storage locations 
and interconnection circuiuy [Bomba, abscracij. The intcrcoDoection 
circAiitty ftnws an iniegrai pan of ihc memoiy device [Bomba, 6:63- 
65]. A master clock 144 connected to the conununicaUons path 
generates clocking signals (time and phase signals) for the bus devices 
[Bonjba, 9:14-32 and Figs. 3A and 3BJ, Hjesc signals arc received by, 
inter alia. Ac Imercoonection circuitry of the nncmary device. A two-bit 
data length code is placed on the highest bits of data lines D[31 :30] 
during a command/address cycle of a read transactioti [Bomba, 13:59- 
14:4 and Fig. 4A]. The low 30 bits contain the device "address" (the 
address is the 30 b» storage location where the transaction is to take 
place) [Bomba. 13:59-14:4 and 14:13-15). The data Icngdi code 
specitics the length of the data tmn-sfer that is to take place, e.g. one to 
four cycles of 32 bit data [Bomba, 15:18-28]. The operation code for 
the read command is transmitted oyer information lines I[3:0] at the 
same time [Bomba, 13:59-61], As can be seen from Figs. lA. 2 and 3B 
of Bomba, each of these signal is received by, inter alia, the 
interconnection circuitry of the memory. A memory device on the bus, 
containing the jekvam address, confirms receipt of the 
command/address cycle atid may begin the data transaction [Bomba, 
15:49-63]. The memory device outputs data on die data lines D[3]:oi 
during a first data cycle. T7)e memory device continues to output new 
data for as many data cycles as are specified during the 
command/address cycle [Bomba, 15:29-16:58]. Data is generally placed 
on the data lines at the leading edge of intwnal clock TCLK [Bomba, 
9:5 N54]. TCLK is the trammocting clock generated locally in the 
tnemory device from the time and phase components of master clock 
144 [Bomba, 8:46-63 and 9:27-39 and Fig. 30]. 

5.15.4.2,US Patent 4,394,753, Published July 19, 1983 ^Pen^er) 

3.15.4.2.1. Penzel describes a highly integrated noemory module. As lllusaated in 
fig. 1 of Penzel, the highly integrated memory module is a 
semiconductor memory device diat mdudes a memory cell array 
(DECOOER MEMORY) arrsngcd as a plurality of rows and columns 
(Peniel, 2:45-55]. As illustrated in Fig. 5 of Penzel, during a cJiained 
memory access (block read/write), the column address strobe signal 
CAS\ is pubed [Penzel, 6:44-50]. Fig. 5 shows CASV as being a fixed 
frequency signal. The memory device of Penzel includes a mode 
register [Penzel, 3:9-11]. The mode register is a nine bit register in 
which two bits MO, Ml detenninc whether the read is a 'I read, a *4 
read or a '8 (or 9) read [Penzel, 3:37-42]. Two further bits. M2, M3 
determiAe the number of chained accesses in a read operation (block 
size) [Penzel, 3:42-44 and 3:46-57). The mode register is programmed 
externally via package pins P0-P8 [Penzel, 3:63-65]. TTic block read 
operation is described [Penzel, 4:21-26; 6:34-^5]. As is clearly 
illustrated in Pig. 5, successive data b output in response to successive 
puhcs of the extemal clock signal CASV 

5.15.4.3. IEEE Standard for a Simple 32-Bft Backplane Bus; NuBus - ANSI/r£E£ 
Std U96-1987("NuBu5'') 

5.15.4.3.1. The NuBus standard b a synchrooous computer backplane hus standard 
in which the bus is iissd to connect devices and to provide ccrtam 
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resources to the connected devices (NuBus, Fig. I). Convertioiia) 
memory modules are one type of device that may be attached to the 
NuBus P>luBus, p. 42 (A.1 Note)]. The NuBus tnodalcs receive an 
extemai clock source (central system clock) [NuBus, Fig. l; p. 4 
(Section 2.1.1)]. The clock source is common to each NoBus module. 
The clock is a fixed frequency clock, nominally operating at 10 MHz, 
and is used to synchronise bus arbitration and data transfer (MuBus, p. 
4 (Section 2. 1. 1)). The clock signal is driven from one end of the bus to 
teminttion at the other end [NuBus, p. 44 (Section A.7)]. Nuflus 
provides for block data transfers in block siics of 2, 4, 8 and 16 words 
fNuBus, p. 1 1 (Section 3.1.4)1. The number of data words traasferrcd is 
controlled by the master and communicated during the start cycle. The 
block size and block starting address is transmined over the 32 bit 
multiplexed address and data lines (wbk:h run between the master and 
slave devices) while the START* signal is asserted [NuBus, Fig. 4; pp. 
11-13]. The slave device drives the first word of the requested data onto 
the 32 bit multiplexed address and data lines. The start of the data 
transfer is synchronous with respect to CLK* (occunini; at the rising 
edge) [NuBus, Fig. 5; p. 12], Blocks of data are ontp\xt from the slave 
synchronously with respect lo CLK* until the desired block size is 
reached [NuBus. Fig. 5], 

S.iS.4.4.ScalaDU Coherent Interface C'SCI**) 

5.15.4.4.1. "The Scalable Coherent Interface Project (SuperBus)^ SCI- 
22Aug88-doc (^SCI A") 

5.15.4.4.2. "Scalable Coherent Interface"*, SCI-28Nov8S-doc2Q C^SCl D") 

5.15.4.4.3. 1P1S96: **SCI, A Scalable Coherent Interface", SCI-28Nov88-doc 2 
("SCI C*7 

5. 1 5.4.4.4. "Proposal for Clock Distribution in SCI" - 5/5/89 ("SCi D") 

5.15.4.4.5. Norsk BaU Report - "A Froposal for SCI Operation" by Knut 
Alncs - November 1988 (**SCI E'^) 

5.15.4.4.6. "ScaUble J/0 Architecture for Buses" by David V. James, SCl- 

28Nov88-<loc3 (SCI F") 

5.15.4.4.7. SCI is an interface standard used to connect devices, tnchiding 
processors, I/O devices and ineni037 [SCI A, p. 6]. A device can be a 
simple coemory module (SCI F, Fig. "Board Architecture" p. 3). SCI 
uses a 16 bit wide syuch^o^ou^*, packetizcd bus, to carry address, data 
and control information [SCI A, p. 4]. Each SCI device receives a 
signal from a central system clock [SCI A, Fig. 3; SCT fi, p. 2]. An SCI 
device receives a request padcet with target^ source, control and address 
infoimation [SCl A, Figs. 4 and 1 5]. SCI supports operations of 32, 64, 
]2S and 256 data blocks, and 1-16 byte subsets of the 16-byce block 
[SCI A, p. 8; Fig. 11; SCl C, p. 11]. The block size information is 
conveyed in the transficr code» which forms part of the control 
information received by the device [SCI A, Figs. 14 and 15; p. 14; SCT 
C, p. 13 (Header Coxninand)]. The tarjsctcd device outputs a variable I 
size data block (i.e.. Data Word 0 to Data Word n) lu accordance with I 
the block m7jt infonuation [SCl A, Fig. 15; p. 14]. All inputs and 
outputs on the bus are synchronous with respect to the external system 
clock [SCI A» p. 3]. All devices in SCI operate synchronously with 
respect to the system clock. 
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5.15.4.5. US Patent 4,785,394, Pubiisbcd November 15, 19«8 ("FlschcO 

5.15.4.5.]. Fischer describes a multiprocessor computer system airanged around a 
split-tranAactiou bus [Fischer, absiract]. Bus devices ure n tionally 
claa&iQed into "^initiaiors," iacludijig CPU modules, and "responders," 
including memory modules [Fischer, Fig. 1]. The split-trans&ctloa bus 
carries nil information between bus devices and no polnt-to-poinf 
signaJs arc used [Fischer, 7:36-40], Each of tiie memory modules 
includes conventional memory components [Fischer, 6:6-7]. Some or 
all of the memories in the modules may be cache memories [Fischer, 
6:17-19]. Both tlie conventional memories and cache memonei are 
semiconductor memories. Bach includes semiconductor logic 
components [Fischer, 5:47-49]. A typical responder module is 
illustrated in Tig. 2 (right hand side) of Fischer. As can be seen, li 
includes clock receivers 76 that receive clock signals B.CLK 0, B.CLK 
1. As shovm in Figs. 3 A and 3B of Fischer, these clock signals are fixed 
frequency square wavc3 in quadrature [Fischer. 8:53-55]. Thty are 
generated by a bac)cplane clock generation ciraiit 74. Clock skew is 
eliminated by the use of equal length clock signal conductors, ensuring 
reliable synchronisation [Fischer, 8:33-50]. The initiating tnmsaction of 
a reid operation is iUustratcd in Fig. 6B [Fischer, 10:32-35]. The format 
of the address inibrmarion transmitted in bus cycle X of Fig. 6B is 
- shown in Fig. 7 A [Fischer, 14:26-29]. It includes diree fields. A first 
field 86 is a two-bit field indicating the nature of the transaction (read, 
test and set, scrub or vwiie) [Fischer, 13:59-64). A second field 88 is a 
28 bit memory address that identifies the respondcr to which the request 
is addressed and the address within that responder [Fischer, 13:64- 
14:4]. A third field 90 indicates whether one, two or four doublcwords 
are to be transferred in response to the request [Fischer, 14:4-8]. Each 
clock receiver 76, illusaaied iu Fig. 4 of Fischer, generates four internal 
clock signals BO ... B3, cue quarter cycle out of phase with each other 
(Fischer, 9:6-25; Figs. 3C-3F]. The format of data placed on the bus in 
response to a read request u illustrated in Fig. 7B. As shown in Fig. 6B, 
one doubleword is output per bus cycle. The Fischer system is 
synchronous (Fischer^ 8:33-50; 9:26-38]. Control, address and data 
signals transferred from bus master to bus slave (initiator to responder 
or vice ver^a) are designated as signals B.DAT3 l-O [Fischer, 1 5:43-50]. 
The^e signals arc asserted on the rising edge of BO and negated on the 
rising edge of B3 (three quarter-cycles later). BO is synchronised with 
external clock signal B.CLK 1 [Fischer. Figs. 3A, 3C and 4]. 

5.15.4.6. US Patent 4;ji5^08, Published February 9, 19»2 f* Jackson") 

5.15.4.6.1. Jackson discloses a system with a microprocessor attached to a Bus 
Interface Unit (BlU) which provides for interfece control of data 
transfers bccwccn the processor and devices, including memory devices 
(Jackson, 4:17-23]. Each unit in the system receives a clocking signal 
CLKA to control synchronisation [Jackson 4:36-44; 5;36-38]. CLKA is 
of fixed frequency [Jackson, Fig. 2]. 

5.15.4.6.2. Jackson discloses block modes of up to 20 bytes per read request 
[Jacksotu 3:16-19; 6:4-6]. Specifically, Jackson supports transactions of 
1. 2, 4, 6, 8, 10. 16 and 20 bytes [Jackson, Fig. 3]. A three bit long 
sequence in a control specification is used to specify block slic 
(Jackson, Fig. 3 (bits 10, il and 12); 5:29-30]. The memory remms the 
requested number of data bytes to the BiU [Jackson, 6:8-12], As the 
memory continues to output the data, the BID buffcn and aligns the 
data and then transfers the data across the ACD bus to the processor. 
Tins process is repeated until the process r has received the requested 
number of bytes [Jackson, 6:20-23]. A read operation takes place over a 
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plurality of dock cycles (Jackson, 5:34-39; Fig. 9]. Tlie block size 
information is a binary representation of the amouut of data to be output 

[Jackson, Fig. 3]. 

5.15.4.6.3. Jackson discloses the use of a control specification whereby die 
operttdon code (read request)^ block size information and the eight least 
sigmficaxit bits of the address aic placed on the bus at Lhe same tJtne 
[Jackson. Figs. 2 and 3; 5:53-58]. 

5.1 5. 4.7. Japanese Patent Appllcatioo No. S^142445, Published June 14, and 
English TrausLotion C'Taguehi**) 

3.15.4.7.1. Taguchi discloses a memory device liaviiig ao army formed froro a 
plurality of memory cells [Taguchi, Fig. 1 in conjunction with Figs. 5 
and 6 and 4:27-29]. A data length register holds the entire size of the 
data to be accessed [Taguchi, p. 4]. Jn addition, Taguchi discloses the 
use of a block length register to define the size of each block and a data 
length register co define tbe o umber of blocks that ore to be accessed in 
oa operation [Taguchi, p. 4]. Block data of the size specified in the 
block length rcgisur is read from the memory, the next block of 
memory to be accessed is calculated .from the starting address plus the 
block size, another block read is performed, and tbc new starting 
address is calculated [Taguchi, p. 4]. Counters monitor die number of 
block reads left in the block acces.^ operation. The reading process 
continues until die amount of data speci&ed in the data length register is 
oulpui [Taguchi, p. 4] 

5.15.4.8. Microproccssor Report, "ECL Bus Controller Hits 266Mbyte5/s; MIPS 
R6020 Handles CPII, RAM, I/O Interface^ Published January 24, 1990, 
("MIPS") 

5.15.4.8.1. MIPS M020 describes a bus arcbitecture designed to maximise 
performance of the MIPS R6000 CPU [MIPS, p. 12, coL 1:1-5]. Each 
bus request is packetized and includes control information in a 
command word [MIPS,, p. 13, col. 1:41 -coJ. 2:5], The command word 
includes address information and information identifying whether the 
request is a read or a write and whether is It a single word or a block 
transter (MIPS, p. 13, col. 2:2-5]. The request is completed by a second 
word following tbe command word, including the balance of the 
address information [M1PS» p. 13, col. 2:6-8]. 

5.1 5.5. Delay Locked Loop (Claim 5) 

5.15.5.1 .At the priority date of the Patent, DLLs were common general knowledge, DLLs 
enable better alignment of regularly cyclic digital signals at the same frequency . 

5.1 5.5.2. UK Patent Application GB-2,197,553, Published May 18, 1988 C*Lofgren") 

5.15.52.1. Lofgren describes a digital phase locked loop circuit (DLL) [Lofgrcn, 
abstract). One principal application of the DLL described is to provide 
''optimum timing for conffol of high speed dynamic RAM devices'' 
[Lofgren, 1:14-18). Lofgren discloses the use of two kleniica) delay 
lines. One delay line 12 is clocked by a local oscillator 20 and used to 
calibrate the iSlL. The other delay Ime IR is used to provide an 
accurate delay to an Input signal [Lofgren, 1:130-2:5]. 

5 J 5.52.2. Each delay line 12, 1 8 consists of plural delay clcmenU JD„, the am unt 
of delay introduced by each of which being concroUed by the level of 
two control signals VCF, VON, generated by a charge pump 16 m 
response to phase errors detected in the first delay line 12 [Lofgren, 
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3:78-114; 4:23-33; 4:62-68; 5:78-96]. The delay introchici 

delay line 12 is varied until it is cxacdy one period 

oscilldi r 20 [T^orgrcn, 4:104-106]. Identical coutrol sif 

applied to the second delay line 18. It is then known Cha 

delay elements Dn in the second delay line 1 8 will iotroc 

one of the period .f the local oscillator. The second ociaj — 

multi-tap line, allowing one of a pluralliy of delays to be selected 

[Lofercn, 2:5-13]. 

5.I5.5.3.1EEE Journal of Solid State Circuits, Vol. 25, No. 1> February 1990, "^An 
On-ChIp Smart Memory for a Dau-Flow CPCI"* C^XJviegham'') 

3.15.5.3.1. Uvieghara describes a high pcrforxnauce substrate CPU that has an 
embedded toiart memory of the type known as a ^Yegister alias table" 
(•*RAT'). The RAT is a noiulti-port content-addressable memory 
supporting branch prediction and exception bandluig. An cxperitnental 
1240 bit RAT is described [Uvieghara, abstract]. The RAT h a 
synchronous ORAM [Uvieghara* Fig. 5] having a block read mode 
[llvieghara, 87:2-4], 

S.1SJ.3.2. The RAT uses a PLL-based clock generator on-chip [Uvieghara, Fig. 

13; and p. 92 ''All dodcs are generated by a ... PZ.L-based clock 
generator.''] 

5. 1 5^.4.Sealable Coherent Interface (^SCF) 

5.15.5.4.1. SCI discloses the use of an internal dock signal generated by a digital 
phase lock loop to eliminate clock skew [SCI B, p. 2; SCI D, pp. 1-5]. 
The internal clock is used for outpuning data on the exterrtat bus [SCI 
B, p. 2]. The digital PLL disclosed is a DLL: it shows the use of a delay 
line and no VCO. 

5.15.5.5. US Fatent No. 4,637,018, Issued January 13, 1987, TFlora**) 

5.15.5.5.1, An example of a DLL is de$cri.hc:d in Flora. The DLL of Floni is 
designed to align the outputs of a distributed clock driver circuh widi an 
accurately delayed external clock signal [Flora» 3:6>16]. As tbe device 
is a clock distribution system, exact aligrunent with the external clock 
signal is nut essential, but alignment of the outputs of several chips with 
each other is [Flora, 3:22:28]. For this reason the external clock signal 
receiving line is bifurcated. One branch is subject to an accurate delay 
and the other includes a multi-tap delay line introducing a variable 
delay to ttie clock driver circulL The outputs of tiie clock driver 
circuitry arc aligned with the delayed external clock [Flora, 3:60-68]. 
However, if accurate phase alignment with the external clock were 
required, the delay line wouJd be removed, or re-introduced in the same 
brancii as the variable delay to give an accurate delay of Just short of 
one clock cycle. In this way, the outputs of tlie clock driver circuitry 
would be accurately aligned with the external clock. This all results 
from the application of common general knowledge at the priority date. 

5.1 5.5.6. Japanese Pateat Application JP-A-01-284132« published November 15, 
1989, and English Translation ("Kosngi"). 

5.15.5.6.1. Kosugi discloses a digital phase locked loop (DPLL) that is used for 
aligning the internal read clock 3 {clocking the output) of a memory 
device 1 wt± its internal write clock 2 (clocking the input), lite 
memory write clock 2 is itself generated from an external clock. 
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5.15.5.7. Motorola MC88200 Cache/Memory Management Unit User's Manual, 
Published 1988 l*MC88200") 

5.15.5.7.1. The MCXS200 is a single chip synchronous device chat contains high- 
speed cache memory. The MC88200 has a largo number of on-chip, 
dynamically programmable configuration registers, as shown in tabJe l - 
1. The device generates on-chip all Latcmal timing signals i^om an 
external clock signal CLK. The MC8820O interna) clock is normally 
phase locked to the external clock signal CLK in order to minimise the 
skew between the external and iutemal signals [MC88200, page 4-9]. 

5.15.5.8. Johnson ct aJ., "A Variable Delay Lljie PLL for CPU-Coprocessor 
SyiiGhronixatHin,*' ICEE Journal of SoHd-Statc Circuits 1988 (''Johnson P) 

S.JS.5.9. European Patent Application EP 329,418, Published August 23, 1989 
("Johnson U") 

5.1 5 J.IO. Johnson et aL, "A Variable Delay Line PLL for CPU-Coprocessor 
Synchronization," ISSCC 88, February 18, 1988 Johnson TH**) 

5.15.5J0.1. Johnson I, Johnson II and Johnson in disclose an integrated phase- 
locked loop (PLL) for preventing bus contcmion between a CPU and Its 
floating*poini co-processor (FPC), both of which are connected to the 
same cache data bus [Johnson I, Fig. 1; Johnson II. Tig. 1; Johnson III. 
Fig. 1). The CPU and FPC arc clocked by the same system clock 
CLKIN [Johnson I Fig. 2; Johnson H, Fig. 2; Johnson Ul. fig. 2]. The 
CPU and FPC output timing signals OE are internally generated from 
that clock. Ideally, the two 0£ signals are complementary of each other, 
so that only one chip stizt^ the bus at any one time, other chip 
being disconnected tcom the bus by assertion of its OE signal. 
However, differences in clock wiriag length* both on-chip and of^chip, 
can create substantial misaligoroent or skew in the chips' output timing 
signals [Johnson I, 1219]. 

5.15.5.10.2. A PLL is implemented in the FPC to rc-align rhe OH output timing 
signal of ttie FPC chip with the 0£ output timing si^al of the CPU 
[Johnson 1, Fig. 2; Johnson TI, Rg. 2; Johnson fli, Fig. 2). The phases of 
the CPUOUT and FPOUT signals, corresponding to the OE signals of 
the CPU and FPC respectively, are first compared with each other to 
generate an error signal [Johnson 11, 3:59-428]. That error signal is 
then used in a feedback loop to adjust the dclay» i.e., phase, of the FPC 
output tirntng Signal [Johnion 11, 4:29-51). 

5. 15.5. 10.3. Tht PLL docs not use a tradiiional volUgc-coutiollcd oscillator (VCO). 
Instead, ti uses a vohagc-controllcd delay line (VC.DL) [Johnson 1, 
1219-20, Johnson 11, 37-58]. Hence, the "PLL" disclosed iii Johnson I, 
JolmsoD 71 and Johnson HI is in fact a DLL. 

5J5.5.11. It was obviously desirable on the priority date of the Patent that internal 
device dock signals should be aligned as closely as possible witb. the cxteinal 
clock signal. For example, the further internal dock signal of Yansaguchi 
should be aligned with the external clock signal SC [Yamaguchi, 26:17-19]. The 
objective problem to be solved by a device according to granted claini 5 vis-a-vis 
other devices is the provision of more accurately aligned internal clock signals. 
This problem is solved by usiug a DLL, as would have been well known to a 
pertoen skilled in the art at the priority date. 

5.15.5.12. lifoUows that the subject-matter of clabn 5 is obviouv 
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5. 15.6. Synchronous Input Sampling (Claim 10) 

5.15.6.]. Synchronous device interfaces were well known on the priority date as a 
mechanism for improving iugh*&peed operation of semiconductor memory 
devices. 

3.15.6.2.US PftUnt 4,631,659, Published December 23, 1986 THayn TT) 

5.15 .6.2. 1 . H%yn II discvjsses the advaiitagcs of a synchroiiovis memory interface in 
the following terms: "Using a synchronous interface to an external 
memory saves time and improves the performance of the 
microcomputer syitem." [Hayn II. 1:32-34]. 

5. 15.7. Multiplexed Bus Architecture Using Request Packets and Device IDs (Claims 9 
and 11-16) 

* 

5. 15.7.1, Multiplexed buses using request packets were common general knowledge at the 
prioriry date of the Paient. 

5.15.7 .2. US Patent Htu 4,763,249, Issued August 9, 1988 ("Bomba") 

5.15.7.2.1. Bomba discloses a bus interface device 18 for use with a synchronous, 
multiplexed bus. The bus transmits device ID, burst length, address and 
data in packetized form over the some bus lines [Bomba: 8:19:26]. A 
bus interface device is "located integrally within" each memory device 
12 [Bomba, 6:64]. Each memory device receives a plunlity of external 
clock signals and generates local transmit and receive clock?. Eacla 
memory device contains a large number of configuiation registers (200- 
216) that are used for progranuning the device 1D> bus arbicrotion 
scheme, etc onto the memory device, typically on system powei-up or 
during an initial tsarion sequence [Bomba, 22:6:44). 

5.1 5.7.3. Scalable Coherent Interlace C^SCr*) ' 

5.15.7.3.1. Each SCI node has a unique 16 bit idenctficatlon code stored in a 
register [SCI A, p. 6; SCI E, pp. 1-4].)- Tbc ID infonnation Is sent La the 
request packet and received by the SCI nodes [SCI A, pp. 6-7; Fig. 9]. 
SCI nodes detennine whether the target identitlcation code in the 
request packet matches the identification code of the node [SCI £, pp. I 

and 5-6}. The targeted node outputs a variable size data block (i.e.. Data 
Word 0 though Daui Word n) in accordance with the block size 
information [SCI A, Fig. 15; p. 14]. All inputs and outputs on (he bus 
are synchronous with respect to th^ external system clock [SCI A, p. 3]. 
All nodes in the SCI operate synchronously with respect to the system 
clock. Tlie identification register contains a Global ID atvd Local ID. 
The Global ID Is the 10 MSB of the node ID and Is used to identify o 
ring on the SCI network (which contains several nodes) [SCI £, p. )]. 
Node ID'S are assigned during an Initialisation sequence after reset of 
die SCL A hardware or software based protocol is employed to assign 
ntxlu idencifications. Following the assignment of node idcuiification, 
the SCI master will uiitiaUsc the interface registers of d>e various nodes 
and will cause the node ID to be written into the individual registers 
[SCI E. pp. 2-4). "Dvus, SCI discloses that "the prograromablc 
identification register is programmed after power is applied to the 
memory device duration initialisation of the memory device" and that 
'*the programmable identifroirion register stores an identificaiiott value 
during aninitialisatioa sequence of the memory device." 
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5.1 5.7.4. OS Patent 4,785^94, PublUhed Noveinber 15, 19S8 ("Fischer'*) 

3.15.7.4.1. AS discussed above, tbc fbnnai of the address mformBtloa ^ai^mllicd 
>T» bus cycle X of Fig. 6B is shown in Fig. 7A [Fischer, {426-29]- It 
includes three fields. The second field 88 ia a 28 bit memory address 
that jdenUfies the responder to which the request is addressed and (be 
address withixi that rcspondcr [Fischer, 13:64-14:4]. Ko point to point 
signals are used [Fischer, 7;36-40). Thus, each memory module must 
decode the MSBs of die address to determine whether to respond. 
Accordingly, the module must contain an intcmaJ address space 
identification with which to compare the MSBs, Thar address space 
identification musi be programmable, and in Fischer it is received firom 
the backplane [Fischer. 16:21-271. This must be done during an 
initialisation acquence following power-up or ihc memory would be 
unable to respond to requests. 

5.15.7.5. t)S Patent No. 4,481,571, Issued November 6, 1984 ^Ochsner^) 

5 15 7 5 1 Ochsncr discloses a time-shared bus for use with digital compulcn. The 
computers arc scrucmred around a high-spced bidirectional time-sharcd 
bus in which both address and data arc carried on the same lines. Each 
unit on the bus has associated wid^ it a response time re 

^^^^^^ _» 

predet^ioed number of time slots between its receipt of a request tor 
informniioa and its providing of mfonnation onto the bus. That number 
of tune slots* delay is resident in both a respective uait coficroller and m 
the resource controller [Ochsner, abstract]. 

5 15 7 5 2 The bus is driven by an 82 nanosecond clock [Ochsner, 5:56-621 The 
resource controller is clocSced at twice the rate of the bus [Ochsncr, 
5:62-68]. The memory delay times art expressed m tcnns of the 
number of half time slots or bus cycles so that the memories may be 
operated at the highest speeds practical. Because the clock speed is 
known, the delay of each memory in terms of the nutnber of 42 
i.:>«otftc< ^nd increments is a predeterawncd characteristic of memories 
m and M2 and generailv will he hard wired into the mource 
controller 22 [Ochsncr, 6:5-20]. The system is synchronous [Ochsner 
5:1-5]. Individual memories are identified by signals on bnes 28 and 30 
I0chsaet,6:9]. 

5 15 7,6 Microprocessor Report, "ECL Bus Controller Hits 266Mbytes/s: Mire 
K6020 Handles Sf, RAM, 1/0 Interface^ Published January 24, 1990, 

5.15.7.6.1. MIPS R6020 describes a bos architecrure designed mmtim^ 
performance of the MIPS R6000 CPU [MIPS, p. 12, col. 1:1-5 . Tlie 
bus is a relatively narrow bus, and this is achieved by ^^l^V^^l^'^ 
address, daU and comrol information onto tho same bus bnes [MIF^, p. 
12. col. 2:1 1- 19]. 

5 15 7 6 2. Dedicated chip select lines are not required, owing to a daisy-chained 
reset signal that aUows each device on the bus to detenmnL* its slot 
number [MIPS. p. 12. col2:29 - p. 13. c^ol. V'/l;,^" ^^"^'^ 
latched by all devices on the bus [MIPS, p.l3, col. 1:3)-40J. 

5.15.8. l-ow Voltage Swing (Claim 17) 

5 15 8.1. A '*low volUge swing'' si^al was a term of aa at the priority date. It was used in 
the Grandparent Application without further explanation. 
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5.15.8,2.1EEE 1987 CUSTOM rNTEGH^cTlLD CIKCUITS CONFEKENCK, "Self 
TGrmination Low Voltage Swing CMOS Ontput Driver'', Tom KnigbC and 
Alex Krynn, CH243O-7/8'?/OO0O-O2g9-OOOO-O291 ("Knight") 

5. 1 5.8.2. 1. An exiiiuple of a low voltage swing output driver is described in 
Knight The advantages of using low voltage swing signals were 
common gcnend knovy ledge, including low power consuiuptiou and 
higher inter-chip communications speeds [Knight, 289, '^Introduction**]. 

3.13.8.3.0giuc ct aL ^l^-ns, SOU mW, 64-kbit ECL RAM Using Hl-BICMOS 
Technology^ IEEE Jounial of Solid-State Circuits 1986 (^'Qgiuc") 



5,13.8.3,1 



Ogiue discloses a bipolar CMOS SHAM memory device that uses ECL 
low voltage swing signalling for its I/O sjgoal inter&ces to achieve 
faster access time. Each ECL low voltage swing signal input is 
iulexnatly aoiplified to full MOS signal level by using a level shifter 
buffer circuit of the type shown in Fig. 6, 

5.1 5.8.4. The objective problem solved vis-i-vis knovim devices by a device according to 
granted claim 18 is the reduction in power consumption or the increase in inter- 
chip communications speeds. It would be entirely natural to seek to realise those 
advantages in any of the memory systems previously discussed The problm is 
solved by using low voltage swing signals, as would have been well known to a 
persosn skilled In the art at the priority dace. 

5. 15.8.5. It follows that the subject-matter of claim 17 is obvious. 

5. INSUFHCIEWCY ART, S3 E?C 

6.1 . Tbie invention claimed in granted claim 1 is insufiFlciently described. 

6.1.1. Only One Selectable Access Tim e 

6.1.1.1. As discussed above, granted claim 1 appears to cover devices in which, if a 
specific value is stored in the programmable access time register, tlie device 
delays a predetenniued number of clock cycles and outputs data synchronously 
with respect to the external clock signal; and in which, if another value is stored^ 
the device does not delay. 

6.1.1.2. There is no disclosure in the Patent of bow to construct a semiconductor memory 

device that opcmtts in this way. AJl that 19 described is ft device that al-way* 

delays for a number of clock cycles dependent upon the value stored in the 
access time register (Paieni, 7: 17-1 8]. 7t is not apparem from the Patent how this 
gap is to be bridged. Based upon the information contained within the Patent, the 
person skilled in the art would be unable to practise the iaveollou throughout the 
range claimed in graoced claim 1 . 

6.1.1.3. It follows that the subject-matter of claim 1 is insufficiently described contrary 
to Art. 83 EPC. 




7^ 



Eopfansszeit lO-SeP- 20:09 



